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ABSTRACT
Disposal o f  crawfish processing wastes poses a challenging problem  to the 
rapidly expanding crawfish industry. Co-com posting is examined as a w aste 
m anagem ent alternative to landfill disposal. W ood chips, rice hulls, bagasse, and bark 
were evaluated for use as bulking agent in com posting crawfish processing residuals. 
Use o f  bagasse as a bulking agents led to the largest reduction in volatile solids, 
organic-C, particle size, and com post volume. Finished com post using bagasse 
contained the greatest concentration o f  N. Self-heating patterns and decom position o f 
craw fish residuals were satisfactory using all four bulking agents. The finished 
products o f  all com post mixtures w ere stable and possessed good structure.
Leachate and runoff m anagem ent from  com post constitutes a challenging 
problem  for compost facility designers and operators. The problem is extended where 
highly putrescent materials, such as fisheries processing residues, are com posted. 
N utrient losses through leaching and  rainfall runoff were evaluated over a 50-day 
period in a pilot-scale windrow com posting study. Crawfish processing residuals and 
rice hulls w ere mixed in a 1:1 ratio by w eight and the mixture was w indrow ed on 
liners to capture leachate and runoff. W ater for moistening the windrows was 
supplied by 1) leachate and runoff for one windrow; 2) tap water for the second; and 
3) naturally-occurring rainfall events for the third. It can be beneficial to add leachate 
and runoff w ater to the pile during early  stages o f  com posting to provide adequate 
m oisture and replenish some o f the nutrients that could have been lost otherw ise.
xi
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D egradation o f mass, m icrobial activity, and nutrient content was determined 
during com posting o f  different mixtures o f rice hulls and craw fish residuals. This 
experim ent w as also undertaken to assess the suitability o f  recycling com post product 
with additional crawfish residuals. M ixtures containing high percentage o f crawfish 
residuals had the highest degradability, m icrobial activity, and nutrient content. The 
reuse o f  the recycled product induced higher degradation in the recycled product as 
well as com plete degradation o f  the crawfish residuals.
xii
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CH A PTER  1 
INTRODUCTION A N D  O BJECTIVES
1.1 Introduction
By-products of seafood related industries are highly organic and putrescent. 
They could easily create environm ental problem s if they are im properly managed. 
Com posting seafood by-products is a viable option that could turn the by-products into 
an asset instead o f a liability. Com posting is a waste m anagem ent system  that 
converts fresh organic materials into a stable, salable product by the action o f 
m icroorganism s.
Com posting nitrogenous materials w ith high m oisture content such as fish 
w aste requires a bulking agent that will absorb  the m oisture, increase porosity, absorb 
odor, and provide a carbonaceous source to sustain microbial activity. Determ ining 
the best com bination o f different ingredients is critical to the quality o f  the finished 
product and the success o f the operation. Characteristic o f  the com post process is 
highly dependent on feedstock and operating conditions. M onitoring changes in 
com post com position during com posting can im prove process perform ance and 
optim ize design parameters.
Leachate and runoff management is essential in any successful com posting 
operation. Leachate and runoff from com post piles can contain  substantial am ounts o f 
organic and inorganic pollutants that could have detrim ental effects on the surrounding 
environm ent. Leachate and rainfall runoff m anagem ent constitu tes a challenging 
problem  especially  when composting nutrient-rich m aterials such as fisheries by­
products.
l
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2
Co-com posting lignocellulotic agricultural by-products with seafood residuals 
can transform  these by-products into valuable resources. Seafood residuals are 
typically rich in nitrogen and readily-degradable carbon whereas agricultural by­
products are high in carbon. To dispose o f  large volumes o f  seafood residuals, such as 
craw fish residuals, requires an understanding o f  the biodegradation process during 
com posting. Once m ost o f the N and the readily degradable C are consumed, the 
decom position rate slows down. A dding more crawfish residuals drives the 
com posting process further. Reuse o f  the com posted materials for additional 
com posting o f  craw fish residuals is cost effective since it requires less storage 
capacity and handling operation. Repetitive use o f  such a product could make 
com posting putrescent m aterials such as seafood waste very efficient and increases N 
content o f the final com post product. Understanding the biodegradability and nutrient 
retention using such by-products can lead to optimized com post processing and 
consistently produce high quality finished com post.
1.2 Objectives
This study w as conducted to characterize and analyze the performance and 
determ ine the biodegradability o f  com posting crawfish residuals with agricultural by­
products. A schem atic o f  the research outline is shown in Figure 1.1. The main 
objectives were to:
1) Assess the potential o f  com posting craw fish residuals using four materials (wood 
chips, rice hulls, bagasse, and bark) as bulking agents. Several physical and chem ical 
characteristics o f com post m ixtures were m onitored to com pare the efficacy o f  the 
com posting process and the quality o f  final products.

























COMPARISON OF CHEMICAL & 
PHYSICAL PROPERTIES OF THE 
DIFFERENT MIXTURES
POTENTIAL OF 
REPETITIVE USE OF 
COMPOST PRODUCT
CRAWFISH RESIDUALS AND RICE HULLS 
COMPOST
PILOT-SCALE WINDROW COMPOSTING OF 
CRAWFISH RESIDUALS AND RICE HULLS
CH A RA CTERIZA TIO N  OF 
CRA W FISH  & AGRICULTURAL 
__________ By-Products__________
POTENTIAL O F RECYCLING 
LEACHATE/RUNOFF IN TO  COM POST
Figure 1.1. A schematic o f  the research outline.
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2) Characterize the leachate and runoff from com posting crawfish residuals with rice 
hulls, quantify nutrient losses, and exam ine the feasibility o f  recycling the leachate 
and runoff to the com post pile.
3) Determ ine the degradability and end points o f  com posting craw fish residuals with 
rice hulls and the potential o f  repetitive use o f  com post product for additional crawfish 
residuals com posting.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CH A PTER 2 
LITERATURE REVIEW
2.1 Com posting as a Best M anagem ent Practice for Food Processing By-Products
General Overview
Com posting is a waste m anagem ent system  where biological processes take 
place w here microorganisms convert organic materials into a product called com post. 
The end product could be either a soil- o r mulch-like material. M icroorganism s use 
carbon, nitrogen, oxygen, water, and nutrients to degrade organic materials. In waste 
disposal, com posting is the most useful output strategy devised. Organic residues 
from municipal, com mercial, and agricultural sources can be converted into a 
beneficial com post product. This product can be land applied to increase soil organic 
m atter, reduce or elim inate chemicals use, provide plant nutrients, and im prove soil 
structure. O ther uses o f  compost include soil reclam ation and biorem ediation. 
Com posting is seen as a means of waste disposal treatm ent and high quality  product 
formation.
Com posting has in fact three m ajor applications: the production o f  com post for 
agricultural o r horticultural use, the production o f a selective crop (e.g. m ushroom s), 
and the treatm ent o f  organic wastes. The treatm ent o f  organic wastes can include yard 
w aste, m unicipal solid waste, sewage sludge, agricultural and food processing by­
products, o r even hazardous waste, which could be carried out in conjunction with the 
production o f  com post product (Miller, 1992).
Com posting ecosystem s are m atrix-phase systems, with a high substrate 
density, in which metabolic heat generation produces therm ophilic and m esophilic
5
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conditions. Composting is predominantly an aerobic process where a diverse 
m icrobial population carries out organic m atter decomposition. M icrobial analyses in 
com posting research have generally identified bacteria, actinom ycetes, and fungi 
com m unities (Finstein and Morris, 1975). The composting ecosystem  is sensitive to 
selective physical and chemical factors that include temperature, carbon, nitrogen, 
m oisture, oxygen, bulk density, substrate availability, pH, and presence o f  inhibiting 
agents.
Recovery of Organic Wastes by Composting
Com postable organic wastes are classified into four major categories: 
agricultural, municipal, food processing, and sewage sludge. In the United States, 
total production o f organic wastes is estim ated at more than 1.6 billion tons annually 
(Goldstein, 1993).
Agricultural organic waste is generated mainly from animal husbandry 
operations and crop production. Com posting o f  animal manure has expanded 
substantially over the last 10 years and continues to increase due to m ore stringent 
regulations for land application of manure, plus increasing opportunities to com post 
off-farm  m aterials (Kashmanian and Rynk, 1995). Agricultural com posting is not 
limited to manure. Composting of farm m ortalities is an emerging practice. 
A pproxim ately 5,000 poultry farms in the top 25 poultry producing states com posted 
their m ortalities as o f  m id-1994 (Kashm anian and Rynk, 1995). Following the success 
in com posting poultry mortalities, there is grow ing interest in com posting swine and 
dairy mortalities. Carcasses less than 15 kg are composted whole, while larger ones
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
are dism em bered, with their abdomens opened and diaphram s punctured to expose 
more surface area to microbial activity (M orrow et al., 1995).
Along w ith manure and farm anim al mortalities com posting, agricultural crop 
residues are com posted either as amendments for other materials (manure, sludge, 
etc.) or as the m ajor feedstock. Recently, more crop residues have become subjected 
to com posting. Com posting has been em ployed in num erous regions to process and 
recycle straw, cotton gin trash, cull potatoes, seed screenings, fruit and vegetable 
residues, and m any others. Most crop residues cannot be applied directly to land 
because they may contain weed seeds, plant pathogens, and/or pesticide residues.
They may also putrefy, generate nuisance and odors, and attract vectors (insects, flies, 
birds, rodents, etc.). Direct land application o f crop residues that are high in carbon to 
nitrogen ratio (C:N ) immobilizes soil N and hence inhibits plant growth. Therefore, it 
necessitates that com posting be adopted to stabilize crop residues before they are used 
as soil am endm ents.
Food processing companies naturally generate much a higher percentage o f 
biodegradable organic wastes than do many other industries. Typically, 10 to 30% o f 
the incoming raw m aterials in the food processing industry become waste rather than a 
value-added product (Lowe and Buckmaster, 1995). Efficient, inexpensive, and 
environm entally sound utilization of these materials is becom ing more important as 
regulations elim inate some o f  the current disposal practices. Food processing 
com panies also face challenges to reduce the cost o f disposal. Processing wastes may 
consist o f  a variety o f  by-products such as processing sludge, wastewater, wasted
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product, animal and plant scraps, where, all have great potential as feedstock in 
com posting.
Lately, yard waste has taken a wide turn in its m anagem ent. Yard waste 
com posting has becom e inevitable as more and more states are banning disposal o f 
yard trim m ings in landfills (Kashmanian, 1993). Y ard waste consists prim arily o f tree 
trim m ings, leaves and grass clippings. The fraction o f  m unicipal solid w aste (MSW) 
w hich is yard waste in the United States has dropped from  24.5%  in 1960 to 14.0% in 
1995 (U.S. Environm ental Protection Agency, 1996). T his reduction is mainly 
attributed to large operations and backyard com posting program s.
Com posting o f  sewage sludge is now being conducted successfully by an 
increasing num ber o f  municipalities throughout the country while m any others are 
seriously exam ining the practice. Composting is considered an alternative to landfill 
disposal and incineration. Composting sewage sludge offers several advantages: 1) 
oxidation o f organic m atter to a stable finished product, 2) destruction o f  human 
pathogens, 3) decreasing sludge volume and weight, and 4) generating a product free 
o f  noxious odor, safe for storage and land application, and beneficial for plant growth 
(U.S. Environm ental Protection Agency, 1980).
Com posting technology has been considered a valid option for biorem ediation 
o f  contam inated substrates. The composting environm ent may increase the possibility 
for degradation o f specific contaminants such as hydrocarbons due to elevated 
tem peratures, the opportunity for co-oxidation, and the diversity  o f  the m icroflora 
present (Craw ford et al., 1993). Successful laboratory testing and field testing have
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been conducted for soils contam inated with hazardous m aterials. Hazardous organic 
com pounds may be intentionally com bined with com postable materials for the 
purpose o f detoxifying the waste. This application requires blending contam inated 
matrices such as soil with com postable biomass to achieve destruction o f  the 
hazardous materials. For example, composting explosives-contam inated soil has 
proven effective at significantly reducing the concentration o f  extractable explosives 
(W illiams and Keehan, 1993).
Beneficial Use of Compost Product
Many beneficial effects o f com post have been reported. Exam ples are 
enhancm ent o f plant growth, improving physical, chem ical, and m icrobiological 
properties o f soils, and suppressing soil-borne diseases.
Chen et al. (1996) reported that the application o f  biosolids and cow  manure 
com post on rye provided a sufficient and a balanced source o f  nutrition for plant 
growth. The com post provided all m ajor and minor nutrients essential for plant 
growth. Maynard (1994) suggested that chicken m anure com post can be used as a 
substitute for inorganic fertilizer in an intensive cropping system  to provide most, if 
not all, o f the nutrient requirement for tomatoes, eggplant, peppers, broccoli, and 
cauliflower.
Increasing dem and and rising costs for peat as a potting m edium  in horticulture 
have led to a search for high-quality and low-cost substitutes. Com post derived from 
organic waste m aterials such as yard waste, MSW, sew age sludge, spent mushroom, 
animal manure, and others could be used as a potting medium. K ostov et al. (1996)
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produced tomato seedlings on com post mixtures and com post from vine branches, 
grape pruning, husks and seeds. The results showed that the seedlings grown on 
com post or com post mixtures had a higher dry m atter content, total mass, length and 
diam eter o f  stems, and number o f  leaves than plants grown on peat. Also, those 
seedlings were ready to be transplanted four to five days earlier than those grown on 
peat. In another study, researchers found that citrus seedlings grown in a sugarcane 
filtercake com post amended media had increased plant height, shoot weight, and 
greater leaf N than seedlings grown in 100 % peat medium (Stoffella et al., 1996).
The quality o f produce grown with com post mixtures often is enhanced in 
terms o f  improved storage performance and superior sensory quality. For example, 
the taste quality and acid concentration o f different varieties o f  tom atoes were better 
for those grown in com post substrates as com pared to a mixture o f com m ercial potting 
soil containing 40% clay and 60% peat (Vogtmann et al., 1993).
Several types o f  compost have been shown to be effective in suppressing 
various soilborne plant diseases, including fungi and nem atodes (Hoitink and Fahy, 
1986; M alek and Gartner, 1975). Results o f green pepper am ended with M SW  and 
olive pomace com posts had lower numbers o f  root-knot nematodes com pared to 
unamended control soil (Marull et al., 1997).
O ther beneficial uses of com post are in reclam ation o f  disturbed o r poor soils. 
Soil chem ical, physical and biological properties can be beneficially altered by the 
addition o f  organic matter. A greenhouse study by Tripepi et al. (1996) showed that 
soil am ended with com posted paper sludge decreased soil bulk density, whereas soil
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aeration, water-holding capacity, and porosity increased with an increase in the 
com post application rate. The addition o f  com post to soil increases organic m atter and 
plant nutrients. The long-term experim ent by Suzuki et al. (1990) reveals that total 
soil C and N concentrations are gradually increased by com post additions. The 
application o f com post adds not only organic m atter containing mineral com pounds, 
but also it adds living organisms. Increases in populations o f beneficial bacteria, 
actinomycetes, fungi, and celluloytic organism s were observed in the rhizosphere soil 
amended with sewage sludge com post (Pera et al., 1983).
M aturity o f com post critically affects its successful utilization. This is 
especially im portant when com post is applied immediately before planting a crop o r 
when it is used in container media. Im m ature com post induces high m icrobial activity 
in soil after application causing oxygen deficiency and a variety o f  indirect toxicity 
problem s to plants (Zuccioni et al., 1981). Hence, the com post end product should be 
rich in humic m atter and should have reduced and stable organic matter.
2.2 Feasibility o f  Composting Seafood By-Products
Background
By-products of seafood related industries are highly organic and putrescent. 
These m aterials typically cause environm ental problem s if they are not properly 
discarded. Traditional disposal methods such as landfilling and offshore and near­
shore dum ping are no longer feasible. This has faced the seafood industry to find 
environm entally responsible alternatives for disposal or utilization o f  their by­
products. Seafood by-products include crustacean shells, viscera, fish fram es w ith o r
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w ithout skin and scales, aquaculture and processing sludge, by-catch, and mortalities. 
C urrent disposal problem s are attributed to lim ited access to landfills and high tipping 
fees, along with the intense odors produced and the impact on surface and ground 
w ater quality. Seafood by-products are generated in processing plants, fish farms, 
fishing vessels, marinas, and cam pgrounds. By-products o f shellfish processing 
represent 70-80%  o f the mass. Finfish by-products vary between 55-65%  o f the mass. 
Some o f  the seafood by-products are used as bait or converted to feed and fertilizers 
through drying, liquefaction o r ensiling, o r rendered for oil. Fishm eal and rendering 
plants em issions are m alodorous and the profit markets for fish silage, hydrolyses, and 
oils are lim ited and undependable. Com posting is a simple, inexpensive, and low 
technology method o f converting seafood by-products into stable and valuable product 
that could be used as a soil conditioner.
C u rre n t M ethodology 
V arious methods o f  com posting have been developed and used in the treatment 
o f  seafood processing by-products (M athur et al., 1988). Liao et al. (1994) used a 
passive aeration static pile m ethod to com post salm on mortalities using saw dust as the 
bulking agent. The reactor was filled by alternating layers o f m ortalities w ith layers of 
sawdust. The experiment was run for five m onths before the piles w ere mixed. The 
authors found that this layered static pile m ethod is suitable for com posting feedstock 
that do not readily lend them selves to mixing. They also concluded that passive 
aeration is appropriate for com posting layered salm on mortalities w ith saw dust up to a 
height o f  1.20 m.
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Brodie et al. (1994) developed a sm all-scale procedure to com post blue crab 
processing residuals using pine sawdust as the bulking agent. A one to one volum e 
ratio o f  crab to sawdust resulted in a C:N  ratio o f  18:1. The com post product was 
recycled twice with new batch o f crab by-products in a volume ratio o f 2 : 1  com post to 
crab. The final product had total N, NR»-N, P2O4 , K2O and Ca concentration o f  15.5,
4.1, 19.0, 4.4, and 107 g/kg, respectively, after 60 days.
Brinton and Seekins (1988) concluded that the mechanically aerated windrow 
m ethod perform ed better than forced aerated static-piles o f  different fish by-products 
com posted with sawdust and horse litter. Uneven heating and excessive drying were 
observed in the forced aerated static-piles. H owever, in all com posts, fish parts 
decom posed completely in 50 days.
C hoosing th e  R ig h t B u lk ing  A gent 
Cathcart et al. (1984) compared different mixture ratios o f crab waste to straw  
corresponding to C:N ratios of 8:1, 15:1, 18:1, 20:1, 24:1, and 30:1. Tem perature 
profiles o f  all were similar except for the 15:1 C:N  ratio mixture which was the 
low est, especially after the fifth day. The mixture having initial C:N ratio o f  24:1 
provided the greatest percent reduction in dry  m atter o f  about 36%.
Beside the use of sawdust and straw  as bulking agents for composting seafood 
by-products, other research has focused on utilizing peat moss as the principal 
carbonaceous ingredient. Peat moss is favored because o f its high moisture retention 
and superiority  in stabilizing ammonia and odor em itted from seafood by-products 
(Liao et al., 1995). Although peat moss m ight be in plentiful supply in some parts o f
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the world, peat is a non-renewable resource and requires excavation; therefore, it tends 
to be expensive. The performance o f three-bulking agents (peat moss, sawdust, and 
w ood shavings) in composting fish offal was conducted by Liao et al. (1995). The 
authors used a 5:1 ratio by weight (fish to bulking agent). They found that if peat 
moss is used, the final product, at the end o f the 150-day composting and maturation 
period, contains the highest average total N concentration o f  59.2 g/kg com pared to 
37.7 and 2.73 g/kg for com post with saw dust and wood shavings, respectively. This 
suggested that the com post with peat moss would have the highest fertilizer value.
To prevent odor and fly problem s, fisheries by-products should be incorporated 
into com post piles with bulking agent immediately. The pile should be covered with a 
20-40 cm  deep layer (blanket) of bulking agent or finished com post to prevent odor 
and vector problems (Frederick et al., 1991). Baker et al. (1992) noted that using peat 
moss or saw dust alone would cause oxygen depletion that created odors and fly 
problem s. Sawdust and peat moss have limited ability to provide enough bulk for air 
space in the mixture. Thorough mixing o f fish by-products with bulking agent could 
reduce wet pockets and, hence, reduce the formation of offensive odors (Brinton,
1994). M aterials that resist decom position, such as straw, bagasse, rice hulls, bark, 
and wood chips, retain good physical structure and improve porosity; therefore, they 
are more favorable than sawdust, wood shavings, o r peat moss.
Johnson et al. (1991) compared com post derived from salmonid fisheries by­
products and peat moss having different C:N ratios with a commercial potting mix (W. 
R. Grace forestry mix). The com posts having initial C:N ratios o f 14:1 and 18:1 had
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physical properties similar to the com mercial mix. The com post with an initial C:N 
ratio o f  8 :1 had the lowest available w ater content and low air space. On the other 
hand, nutrient concentrations o f com posts having initial C :N  ratios o f 8:1 and 14:1 
were higher than that recommended for container media.
Jellum  and Kuo (1991) produced high quality com post using ground 
bottom fish by-products combined with either red alder o r Douglas fir sawdust. G rass 
yield using ground bottomfish by-products com post was higher than that in sewage 
sludge o r steer manure com posts, o r am m onium  nitrate fertilized soil. Also, the 
decom position rate o f groundfish residuals with sawdust com post was very rapid when 
incorporated under field conditions. However, decom position w as slow under 
extensive leaching in either bark or soil m ixture in greenhouse experiment.
2.3 Leachate as a Potential Problem in Composting
Leachate and runoff management is essential in any successful composting 
operation. Leachate and runoff from com post piles could contain substantial am ount 
o f organic and inorganic pollutants that could have a detrim ental effect on the 
surrounding environm ent. Nutrient and organic losses from  com posting facilities 
could lead to contamination o f soils and surface and ground w aters. For example, 
m unicipal and yard wastes often contain substantial am ounts o f  nutrients, metals, 
herbicides, insecticides, and fungicides (Kovacic et al., 1992). These substances could 
easily leach into ground water during and after the com posting process. Odor and 
vector problem s develop when ponding results from leachate and runoff accumulation.
Christensen (1983) reported that the total am ount o f  N leached from PVC 
colum ns containing M SW  and sludge com post during two years accounted for 7-16%
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o f the N initially present in the compost. The author found that total N, NH4, and NO3 
concentrations in leachate were in the range o f 40-400 mg N/L, 5-350 mg NH4-N/L, 
and 100-500 mg N O 3-N /L , respectively.
In digested sewage sludge and M SW  com posting, the concentration o f fecal 
coliform s in the leachate tends to be high (about 6 x l0 8 M PN /g dry weight) during the 
early period o f com posting period and decreases tow ard the end o f  the period ( 2 0  
M PN/g dry weight) (Cooper and Golueke, 1979). The authors suggested that this was 
due to heat inactivation. It is very critical that leachate produced during the early 
stages o f com posting be minimized and treated before it is discharged or used.
Ulen (1993) characterized the leachate from a com post mixture o f dairy 
manure and straw  having C:N ratio of 16:1 using 50 kg straw  and one metric ton of 
manure. Leaching and surface runoff were measured separately. Over a seven-month 
period, the total am ount o f N, P, and K leached were 200 g N/m 3, 23 g P/m3, and 
1,100 g K/m3 o f m anure, respectively, measured during the winter. Surface runoff 
nutrient transport was less than the leaching losses and totaled 8  g N/m3, 2 g P/m3, and 
98 g K/m 3 o f manure.
Nienaber and Ferguson (1992) measured the leachate at different soil depths 
from  cattle manure com post over three- and seven-year periods. Concentration of 
N O 3 at the end o f the seven-year period was greater than the three-year period in depth 
between 0.75 and 4.0 m below the composting ground. A lso, nitrate and chloride 
concentrations appeared to be greater beneath the com post ground than beneath an 
adjacent furrow irrigated cornfield throughout the 7.5 m soil profile sampled. Surface 
soil (0.15 m) sam ples from  the compost site indicated extrem ely high salt content
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leading to possible soil fertility and salinity problem s. The electrical conductivity 
(EC) o f  the soil in the adjacent cornfield was 0.86 mmho/cm, which is within the 
normal range. The EC for the surface soil (0 .15m) beneath the com post for the seven- 
year and the three-year periods were 3.04 mmho/cm and 2.80 mmho/cm, respectively.
Ballestero and Douglas (1996) com pared N transport in the ground water from 
farm waste (horse bedding) and yard waste (grass clippings and leaves) com post 
windrows, cleared and undisturbed forest lands, and soils adjacent to the com post 
sites. NO3-N concentration increased by an order o f  magnitude between each o f  the 
sites and the com post facilities. NO3-N directely beneath the windrow reached a high 
concentration o f 900 mg/L at the 1.5 m depth. NH4-N concentration exceeded 700 
mg/L at the 0.6 m depth. The authors estimated that the farm waste compost lost 24% 
o f its initial N whereas yard waste lost about 4%.
Diaz and Trezek (1979) composted M SW  and digested sewage sludge in 
w indrow s for 16-, 32-, and 50-day periods. Samples were thereafter placed in 
Iysimeters (1.52 m long x 0.91 m diameter) and brought to saturation in seven to 11 
days. To collect leachate, the compost in Iysimeters received 1 cm  tap water per 
week. The 16- and 32-day composts had a maximum NO 3-N  concentration o f about 
500 mg/L after 11 weeks o f leaching. Immediately after leaching the 16- and 32-day 
com posts contained the highest NH-i-N concentration o f  about 860 mg/L. Also, the 
highest chemical oxygen demand (COD) values were observed during the earliest 
period o f  leaching with values ranging between 29,000 and 59,000 mg/L. The initial 
concentration o f  Na and PO4-P in the leachate from units containing the 16-day
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
com post ranged from  1,200-4,000 and 34-90 mg/L, respectively. A general trend was 
observed reflecting the decline in concentrations o f most metals in leachate with the 
com post age and the period o f leaching.
A controlled colum n study was performed by Rymshaw et al. (1992) to 
evaluate and compare the absorptive capacity o f various bulking agents. W ood chips 
and newspaper mixture, saw dust, and straw retained approxim ately sim ilar volumes o f  
water, 50-90%, 72-93% , and 62-88%, respectively, when com posted with animal 
manure over 21 weeks. In another experiment, the authors com posted bull manure 
with sawdust and wood shavings in windrows over a 53-day period. Ammonium N, 
nitrate N, organic N, and total N concentrations in the leachate fluctuated between 8  
and 40 mg/L, 3 and 15 mg/L, 21 and 747 mg/L, 22 and 1,548 mg/L, respectively. In 
runoff, am monium N and nitrate N concentrations were below 10 mg/L and organic N 
and total N were below 1 1 and 38 mg/L, respectively. Total organic C remained very 
high in the leachate, but decreased, as the com post became stable. Total organic C 
values ranged between 2,460 and 14,175 mg/L. In runoff, total organic C 
concentrations were substantially lower, i.e., 30-413 mg/L. Biochem ical oxygen 
demand (BOD) varied between 95 and 1,278 mg/L in the leachate and between 0 and 
91 mg/L in runoff. Leachate PO4 concentration was measured only on the 8 th week 
and found to be 75.9 mg/L. In runoff, PO4 concentration was measured during the 7th 
and 10th week where it ranged between 2.8-26.4 mg/L.
Aqueous em issions from  composting facilities must be treated before they can 
be discharged into the environm ent. When designing com post facilities, a
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com prehensive m anagem ent plan should include leachate assessm ent, soil analysis, 
and surface- and ground w ater monitoring. Water analysis should include, at a 
minimum, nutrients such as N and P, trace elements, heavy m etals, organics, and 
coliforms. Soil analysis helps assess nutrients and metal build-up. Leachate and 
runoff control m easures m ay involve impermeable padding, vegetative filter strips or 
constructed wetlands, sedim entation basins, oxidation ponds, the use o f  spray 
irrigation systems, and/or recycle systems.
2.4 Biodegradation o f Lignocellulotic M aterials during Com posting
N a tu re  o f  L ignocellulotic M ateria ls  
Lignocellulose is a com plex o f the polymers lignin, cellulose and 
hemicellulose. Cellulose is a linear polym er o f repeating glucose units, linked by 
/5 (l-4 ) glycosidic bonds. Hem icellulose is the collective name for a group o f 
branched heteropolysaccharides containing the hexoses glucose, m annose and 
galactose and the pentoses xylose and arabinose. Lignin is an arom atic polym er o f 
phenylpropane units, based upon p-coumaryl, coniferyl and sinapyl alcohols.
Materials with high lignocellulotic content are the most abundant o f  renewable 
organic resources. These recalcitrant materials are characterized by slow degradation 
rates under normal conditions. The concentration o f lignin in such m aterial is a major 
factor controlling organic m atter decom position (Crawford, 1976). Lignin is relatively 
recalcitrant com pared with cellulose and hemicellulose. In m any lignocelluloses, a 
portion o f the cellulosic fraction is tightly bound to the lignin, m aking that com ponent 
only moderately available.
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Factors Influencing Biodegradation of Organic Materials
D egradation rates depend on initial and process conditions. These include 
temperature, oxygen, moisture content, particle size, carbon (C) content, nitrogen (N) 
content, the form o f  carbon present (i.e., soluble C, cellulose, o r lignin), population 
and type o f microorganism s, and pH. The proper tem perature is a very important 
param eter in the aerobic decom position process. The optim um  tem perature has 
generally been reported to range between 45-65°C (Regan and Jeris, 1970). During 
active com posting, Rynk (1992) reported that moisture content should be maintained 
between 40-65% for optimum degradation. The preferred pH for the spectrum of 
microorganisms involved in composting is in the range o f  6 .5-8.0. Air must be 
supplied to maintain enough oxygen for microbial respiration, heat exchange and 
moisture removal (Haug, 1993).
Lignocelluloses usually provide the principal C and energy substrate for compost 
microorganisms. Com post system design is highly dependent on knowing the 
degradability o r substrate availability o f the feedstock. The time required to complete 
the com posting process (i.e. the solid retention time) is dependent on the readily 
available substrate. Some bulking agents used to adjust m oisture and porosity may 
contain high percentages o f  C but may contribute little to the overall available 
substrate in the mixture for microbial consumption. Organic m atter with sim ilar C:N 
ratios, such as straw  and wood, will decompose at very different rates simply because 
o f  differences in the C forms.
During com posting, the readily degradable fractions (i.e. starches or simple 
sugars) are consum ed first leading to mineralization o f  organic m atter. Later in the
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process less degradable com pounds (i.e. cellulose or lignin) are then partially 
consum ed. In the maturation period, organic m atter is humified into more stable 
com pounds.
The amount of lignin degraded by microorganisms is directly proportional to the 
am ount o f  cellulose available to the microorganisms (Odier and M onties, 1983; Reid 
and Deschamps, 1991). This indicates that adding more material rich in cellulose and 
N to the com post may degrade the lignin material further. Adding a degradable C 
source rich in N to materials high in lignin would provide nutrients and energy to 
m icroorganism s responsible for biodegradation. Entry and Backman (1995) found 
that the addition o f both easily degradable C and N in the soil improves lignin 
degradation. However, adding N w ithout readily degradable C increased cellulose 
degradation but not lignin degradation, since microorganisms require additional 
sources o f energy to decompose lignin (Kirk and Farrell, 1987).
M ethodology for D eterm in ing  S u b s tra te  D egradation  
Substrate biodegradability is very useful for com post process design and 
operation. It is used to determine: (a) the amount o f substrate energy available to 
drive the com posting process, (b) the requirem ent for additional am endm ents, (c) the 
aeration dem and, and (d) the final product mass (Haug, 1993). Several m ethods for 
estim ating substrate degradability are used. The m ajor methods are: (1) m aterial mass 
balance, (2) carbon loss, (3) volatile solids loss, (4) CO2 production, (5) oxygen 
consum ption, (6 ) change in chem ical oxygen dem and (COD), (7) substrate utilization, 
and (8 ) spectroscopical analyses.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
(1) Material Mass Balance
Degradation o f organic m atter is generally determined by m ass balance 
weighing the infeed and output materials. The mass loss during the process represents 
the total degradation. This method is not always practical and cost effective during 
composting due to handling o f  different feedstock and the large volum e produced. 
Jhorar et al. (1991) used the mass balance method to determine dry  m ass and nutrients 
(N, P, and K) loss from com posting rice straw with glue waste at different C:N ratios.
(2) Carbon Loss
Total organic C test is based on com plete combustion o f  organic matter. 
Combustion o f  m atter will convert organic C into CO2. The CO2 is measured directly 
by a nondispersuive infrared analyzer (APHA et al., 1992).
(3) Volatile Solids Loss
Volatile solids concentration, the percent o f dry solids lost by ignition at 550 
°C, is widely used as a rough measure o f  organic m atter (APHA et al., 1992). Aerobic 
biological activity decreases the volatile solids content by converting organic C to 
CO2 . Therefore, volatile solids m easurem ents during com posting would serve as a 
rate parameter o f biodegradation.
(4) CO2 Production
During composting, fresh organic materials are mineralized into CO 2 and H 2O 
and humified into a stable material. Composting can be represented in general term s 
by the following reaction:
m i c r o b i a l  a c t i o n
fresh organic matter + O2 -------------------► stabilized organic m atter +  CO2 + H2O
+ heat
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The rate o f  CO 2 produced is used to estim ate organic m atter decom position rate (Bach 
e t al., 1984).
(5) O xygen Consum ption
O xygen consum ption is a direct indication o f microbial activities. Rate o f  O 2 
uptake is also used to estim ate organic m atter decom position and to indicate com post 
product stability (Haug and Ellsworth, 1991). Specific oxygen uptake rate (SOUR) is 
the rate o f  O2 consum ed by microbes for each unit o f dry mass o r organic matter.
(6 ) C hange in COD
A erobic biological decom position decreases the capacity o f  the organic 
m aterial to  reduce chem ical reactants, such as potassium  dichrom ate; hence a COD 
test m ight serve to assess decom position rate (Lossin, 1971). The com post product 
w ould have a lower COD both per unit weight and per unit C  than the initial mixture.
(7) Substrate Utilization
Substrate in com post includes com ponents (lignin, cellulose, hemicellulose, 
etc.) that vary considerably in degradability. M aking use o f  standard models o f 
m icrobiology, the model equations o f the kinetics o f m atter conversion, substrate 
utilization, and microbial growth could be used to estim ate substrate components 
degradation (Kaiser, 1996).
(8 ) Spectroscopical Analyses
T he degradability o f  organic material depends m ainly on the chemical 
com position o f its organic fraction. Spectroscopical analyses o f organic matter 
transform ations during com posting, such as Fourier transform  infrared (FTIR) and 
carbon-13 nuclear magnetic resonance (13C-NMR) spectroscopy, are used to provide
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estim ates o f the change in contents o f aliphatic com pounds, carbohydrates, aromatic 
and phenolic moieties, and carboxyl concentration (Chen and Inbar, 1993).
S u b s tra te  D egradation  M ethods Used 
The aforem entioned biodegradation tests could be applied, in principle, to any 
com post feedstock stream. Volatile solids test is a direct m ethod for determining the 
change in organic matter and ash content o f com posting material. CO2 production and 
oxygen consum ption rates indicate microbial activity and hence they display com post 
process performance. CO2 production and oxygen consum ption tests are also used to 
determ ine com post stability.
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CHAPTER 3
CO -COM PO STING  O F CRAW FISH AND A G RICU LTU RA L 
PRO CESSING  BY-PRODUCTS1
3.1 Introduction
Craw fish production is a rapidly expanding industry in the world especially  in 
southern U nited States and China (U.S. Department o f Com m erce, 1996). Louisiana, 
the principal craw fish-producing state, produced 43,800 metric tons (M T) o f  crawfish, 
in 1995 (Louisiana Cooperative Extension Service, 1995). Only the tail m eat o f  the 
crustacean is consum ed, while the exoskeleton and intestines are discarded. Because 
only 15-20% o f whole craw fish is edible, more than 35,000 M T o f  processing 
residuals are discarded annually. Crawfish exoskeleton is rich in chitin, a natural 
polym er o f  am ino sugars. Crawfish residuals are highly putrescent and readily attract 
insects and vermin. W hen left to decay on the ground, they generate an organic 
leachate that can pollute surface and ground water. These characteristics render the 
current practice o f  landfill disposal unsatisfactory. Composting o f  craw fish residuals 
is a  potentially practical and environm entally sound disposal alternative.
Unless craw fish residuals are blended with an appropriate bulking agent, piles o f  these 
materials rapidly become anaerobic and generate noxious odors. A suitable bulking 
agent provides sufficient porosity for air exchange, absorbency for m oisture retention 
and odor filtration, and favorable therm al properties. Bulking agents that serve as 
substrate for the microorganism s responsible for organic decom position m ay stim ulate 
initial self-heating. Costs and regional availability o f suitable m aterials usually
1 Reprinted by permission of Compost Science & Utilization (Appendix C).
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dominate their use as bulking agents. Many agricultural processing by-products such 
as wood chips, rice hulls, bagasse and bark are produced in large volum es in areas 
com monly used for craw fish production. In Louisiana, about 170 thousand M T o f rice 
hulls (rice mill by-product), 1.2 million MT o f bagasse (sugar cane mill by-product), 
and 4.3 million M T o f  w ood by-products (including bark, wood chips and sawdust) 
are generated annually (K leit et al 1994). A portion o f  the volum e o f  these by­
products is used as biom ass fuel, but their heat index values are som etim es m arginal 
for this use. Despite a few other limited uses, large volumes o f  these materials are 
available at low cost for recycling as bulking agents for com posting.
The objective o f  this study was to assess the potential o f  com posting crawfish 
residuals using four m aterials (wood chips, rice hulls, bagasse, and bark) as bulking 
agents. Several physical and chemical characteristics o f  com post mixtures were 
monitored to com pare the efficacy o f the com posting process and the quality o f  final 
products.
3.2 M aterials and M ethods
Crawfish residuals were co-composted with each o f the four bulking agents for 
50 days in 0.3-m 3 com m ercially available reactors fabricated from recycled plastic 
(Barclay Recycling Inc., Ontario, Canada). Crawfish residuals w ere mixed 1:5 v/v 
with pine wood chips and rice hulls and 1:6.5 v/v with bagasse and bark (pine and 
cottonwood) (Table 3.1). Three replicates o f each mixture having were made. The 
bulk density, organic carbon (C) and total nitrogen (N) concentrations, and moisture 
content o f these m aterials were determined prior to use (Table 3.2).
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Table 3.1. Volume, mass, and carbon to nitrogen (C:N) ratios o f wood chips, rice 
hulls, bagasse, and bark co-com posted with crawfish residuals.
Mixture Volume Mass C:N
(w w *) (d w A)
Wood Chips.’Crawfish 5.0:1 2.7:1 143.5
Rice HuIIs:Crawfish 5.0:1 1.1:1 47.3
Bagasse:Crawfish 6.5:1 1.2:1 38.5
Bark:Crawfish 6.5:1 3.2:1 55.8
•  W et w eigh t 
A D ry  w e ig h t
Table 3.2. Characteristics o f raw bulking agents and crawfish residuals.
Material Bulk Density Organic C Total N C:N Moisture Content
(lcg/m5 w w '| (g / kg  dw “) ( %  ww)
Wood Chips 255.8 475.9 2.29 207.8 10.4
Rice Hulls 104.4 372.0 4.84 76.9 9.5
Bagasse 81.4 436.3 9.28 47.0 53.4
Bark 218.5 442.8 10.74 41.2 39.2
Crawfish 466.4 317.3 50.3 6.3 66.2
* W et w e ig h t 
A D ry w e ig h t
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Compost tem perature w as m easured using copper-constantan therm ocouples 
connected to a CR7 Datalogger (Cam pell Scientific, Logan, UT). Therm ocouples 
were positioned at three equally-spaced depth (d) o f  the height (H) o f  the m ixture in 
the center o f each reactor (Figure 3.1). The mean height o f com post in each reactor 
was measured twice weekly for volum e reduction determination prior to collecting 
samples. Approximately 150-g sample from each o f the 12 reactors was collected for 
analysis. Data reported are the means o f three replicates. Samples were initially used 
for gravim etric determ ination o f  m oisture content (APHA et al., 1992). Particle size, 
after drying, was determined by screening each sample through a series o f  sieves 
vibrating for 5 min. Sieves opening sizes were 25.4, 12.7, 9.5, 6 .4 ,2 .36 , 1.65, 0.83, 
and 0.59 mm. To facilitate com parisons, the mean particle size was calculated using 
the percentage weight o f m aterial retained by different sieves. After sieving, sam ples 
were ground (150 mesh), thoroughly mixed and stored in air-tight containers. 
A pproxim ately 5-g subsamples w ere com busted at 550 °C to determine volatile solids 
content. A mixture o f 1:2 w/w com post to water was used to determine pH using a 
Com ing model 250 Ion A nalyzer (Corning, NY). Approximately 20-mg subsam ples 
were used for organic C and total N determ ination using a Heraeus model C H N -0  
Rapid Analyzer. Nitrate (NO3) and am m onium  (NH4) concentrations were determ ined 
in KC1 extracts using a W escan model 360 Analyzer (W escan Instrum ent Inc., 
D eerfield, IL).
W ater was added to com post mixtures as needed to maintain m oisture contents 
between 40-60%. The mixtures were turned manually 17 days and 38 days after 
initially blending the material in the reactors. Percent oxygen in the com post piles was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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L id
T h e r m o c o u p l e
P o s i t i o n i n g O p e n in g sf o r
A e r a t i o n
0 .76  m
Figure 3.1. Description o f the bench scale reactor used to co-com post crawfish 
residuals and four different bulking agents (H - height o f mixture; 
d = H/4).
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m easured three tim es weekly using a m odel OT-21 oxygen probe (Dem ista 
Instrum ents, W heeling, IL). Oxygen m easurem ents showed that the perforations on 
the low er side o f  the reactors were sufficient to maintain adequate aeration [ 19-21%
O 2 (v/v)] in all reactors throughout the study. A 30-cm  outer layer o f bulking agent 
w as maintained during the first 17 d to serve as a biofilter for odor and nuisance 
control. A moderate ammonia (NH3) odor was evident for the first 10-14 days, and 
w hen turning the mixtures, but diminished thereafter. The outer layer proved to be 
effective in controlling flies and other nuisance.
3.3 Results and Discussion
M oistu re  C on ten t, T em p era tu re , a n d  V olatile Solids Losses 
M oisture content remained in the desirable range (40-60%) during the 
com posting process for all mixtures, except for the rice hulls that initially did not 
retain w ater as well as the other mixtures tested. The maximum initial moisture 
content obtained for a single rice hull mixture was 30%. After turning on the 17th day, 
m oisture content consistently remained between 40-60% . Degradation o f  crawfish 
residuals apparently facilitated moisture retention by rice hulls.
A lthough moisture contents during the early  stages o f com posting w ere not in 
the range typically recommended for optimal com posting (Rynk, 1992), the rice hull 
m ixtures achieved the most rapid self-heating and highest initial average temperatures 
(Figure 3.2), possibly because the lower moisture content o f this mixture resulted in 
more effective heat retention. Bagasse m ixtures attained the highest average 
tem perature during the rest o f the thermophilic period (third week). The 
corresponding tem perature profiles o f wood chip and bark mixtures were 5-10 °C
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Figure 3.2. Variation o f com post mixtures and am bient air temperatures with time 
(days) during the 50-day study.
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low er than those o f rice hull or bagasse. After 23 d, tem peratures in all reactors 
rapidly declined to near ambient tem perature probably due to the microbial 
consum ption o f  most o f  the readily available substrate. Thereafter, tem peratures rose 
2-15 °C but rem ained in the upper m esophilic range (between 25 and 40 °C). W hen 
the experim ent was terminated after 50 d, tem peratures in all mixtures were close to 
one another.
O ver the first two weeks, rice hull mixtures had the largest significant 
reduction in volatile solids o f 17.4% (P=0.0019, a= 0 .05) (Figure 3.3 and A ppendix A: 
Table A .l) . This explains the initial high tem peratures m easured in the rice hull 
m ixtures. A fter the second week, when the com post was turned, the bagasse m ixtures 
had a sharp reduction in volatile solids (20.1% ) which corresponded to the sudden 
increase in tem perature. By the end o f  the experim ent, bagasse mixtures lost an 
average o f  27.6%  o f their initial volatile solids. Rice hull and bark mixtures lost an 
average o f  22.6% and 21.3%, respectively, o f  their initial volatile solids. W ood chip 
m ixtures lost the lowest amounts o f volatile solids (12.1% ). This explained the lowest 
tem perature profile during the first three weeks. Rice hull and bark mixtures offered 
the m ost readily mineralizable substrate for com post m icroorganism s during the first 
two weeks o f  the composting process. However, bagasse and wood chip m ixtures 
offered the most readily mineralizable substrate after the second week. O f the four 
bulking agents studied, bagasse offered the largest reduction in volatile solids and the 
m axim um  available substrate (P=2.40E-06, a= 0 .05) (A ppendix A: Table A.2).
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Figure 3.3. Com post mixtures volatile solids losses with time (days) during the 
50-day study.
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C hanges in O rg an ic  C , T o ta l N, an d  C :N  R atio
Since changes in total weight occurred during the com posting process and the 
rate o f  change differed among the com post mixtures studied, comparison o f  
concentrations o f constituents expressed on a total weight basis can be deceptive. Ash 
w eight has been used as an internal standard to dem onstrate changes in constituent 
com position because the inorganic fraction is largely conserved during com posting 
(Haug, 1993). Change in the ratio o f the weight o f a constituent to that o f  ash, then, 
reflects the losses or gains of constituents relative to their initial amounts. Bagasse 
and bark mixtures lost an average o f 55.3%  and 49.4% , respectively, o f their initial 
organic C contents on an ash basis (P=5.48E-07, a=0.05) (Appendix A: Table A.3). 
N ot surprisingly, wood chip and rice hull m ixtures lost the lowest amounts o f  organic 
C (40.0% and 43.7% , respectively) due to their greater recalcitrance to microbial 
breakdow n (Appendix A: Table A.3). Organic C seemed to be more readily available 
in bagasse mixtures than in any of the others.
Significant losses of N and other essential nutrients can occur during 
com posting. For example, W itter and Lopez-Real (1987) reported N losses as high as 
70%  during com posting of a wide array o f  feedstock. Such N losses are attributed to 
NH3 volatilization as well as subsequent leaching o f NH4 and NO3 (Soliva et al.,
1993). Although NH 3 losses were not measured, nitrogen losses are explained by 
changes in total N concentrations o f the mixtures based on total ash weight. Nitrogen 
losses were clearly evident during com posting crawfish residuals with each o f  the 
bulking agents (Figure 3.4). Average total N concentrations (ash basis) were reduced 
for all m ixtures after 50 d composting. Com posting crawfish residuals with rice hulls.
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Figure 3.4. Total nitrogen (g N/kg com post ash weight) concentrations versus time 
(days).
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bark and bagasse resulted in average losses o f  total N  o f  52.4%  , 35.0% and 18.0%
(ash basis), respectively, after 50 d (P=0.25, a= 0 .05 ) (Appendix A: Table A.4).
Despite the fact that wood chip mixtures had the highest C :N  ratio (Figure 3.5) and the 
lowest initial total N concentration (Figure 3.6), they showed a great loss o f  average 
total N (47.7%  ash basis) by the end of the experiment. On the other hand, although 
the bagasse m ixtures had the lowest C:N ratio (Figure 3.5) and the highest total N 
concentration (Figure 3.6), their N losses were minimal. Because bagasse was the 
most degradable o f  the bulking agents, a greater portion o f  its N may have been 
retained as organic N thus reducing volatile losses o f  NH3. M ost N losses occurred 
during the early stages (first 15 d) o f the process, w hich is typical in com posting 
(Morisaki et al., 1989). Total N concentration (dry w eight basis) show ed very little 
variation during the 50-d period, with the exception o f  bagasse m ixtures (Figure 3.6). 
Average total N  concentration o f bagasse mixtures steadily increased from an initial
11.5 g N /kg to a final concentration o f  18.4 g N/kg after 50 d, an increase o f 59.3%  
(Figure 3.6). This apparent increase was more likely due to the small loss o f  N 
relative to that o f  total organic m atter than to gains in N via biological N2 fixation o r 
other mechanisms.
A m m onium , N itra te , a n d  pH
Initial com post pH values were about 8.4 in both rice hull and bagasse 
mixtures and about 7.9 in both wood chip and bark m ixtures (Figure 3.7). Changes in 
pH during com posting followed a sim ilar path for all m ixtures. D uring the first 25 d, 
the pH was continuously decreasing to about 7.4 for bagasse and bark and 7.2 for 
w ood chip and rice hull mixtures. This decrease in pH  is probably due to organic N
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Figure 3.5. Variation o f  com post mixtures C:N ratio with time (days) during the 
50-day study.
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Figure 3.6. Total nitrogen (g N/kg com post dry weight) concentrations versus tim e 
(days).
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Figure 3.7. Variation o f com post mixtures pH with time (days) during the 50-day 
study.
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m ineralization and the transient appearance o f volatile organic acids (M iller, 1992). In 
the final 25 d, pH values increased to about 7.6 for rice hull, 7.8 for bagasse and bark, 
and 7.9 fo r w ood chip mixtures.
D uring com posting, m icrobial activities decom pose organic m atter and 
transform  com plex N com pounds into mineral forms such as NH3 , NH 4 , and NO 3. In 
craw fish residuals com posting, this transform ation produced NH4 concentrations in 
the range o f  10-400 mg NH4-N /kg (Figure 3.8). Bagasse and bark mixtures 
m aintained relatively high NH4 concentrations during the last 20 d and contained 160 
mg N H j-N /kg  and 76 mg NH4 -N /kg, respectively, at the end o f the com posting 
process. F inal NH 4 concentrations o f  rice hull (18 mg NH 4 -N/kg) and wood chip 
m ixtures (3 mg NH4 -N/kg) were significantly lower. As heterotrophic dem and for 
available N  declines, accum ulated NH 4 may undergo microbial oxidization to NO2 and 
NO 3 . D uring com posting, NO3 concentrations in bagasse and bark mixtures remained 
below 40  mg NCh-N/kg (Figure 3.9). However, an increase in N O 3 concentrations 
was observed in rice hull and wood chip mixtures after 25 d. At the end o f the 
experim ent, rice hull mixtures contained the highest average NO 3 concentration (97.2 
mg NC>3-N /kg). Concentration o f N O 3 in wood chip m ixtures declined to about 17 mg 
N 0 3 -N /kg  during the last 12 d o f  the study. Throughout the experim ent, NH4 and N O 3 
concentrations in bagasse mixture were consistently low, which support the hypothesis 
that greater im mobilization o f N may account for the low er losses o f  N  from bagasse 
mixture. Bagasse appeared to be able to assimilate mineralized N m ore readily than 
bark, rice hulls, o r wood chips.
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Figure 3.8. A m m onium  (mg NH.j-N/kg com post dry weight) concentrations versus 
tim e (days).
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Figure 3.9. Nitrate (mg N0 3 -N/kg compost dry weight) concentrations versus time 
(days).
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Particle Size and Volume Reductions
The mean panicle size of organic m ixtures reduces during com posting due to 
degradation o f  the organic fraction. Bagasse m ixtures had the greatest mean particle 
size reduction o f  53.7% o f the original bulking agent and 64.7% of the initial m ixtures 
after 50 d (Table 3.3). Wood chip m ixtures had the least reduction (24.2%) o f  the 
initial m ixtures. Bark mixtures mean particle size was reduced by 45.7% o f the initial 
m ixtures and by 37.1% o f the original bulking agent. Rice hulls final mean particle 
size was 1.69 mm reduced by about 60% o f the initial mixtures size (4.23 mm) and 
reduced only by 1.2% o f the original bulking agent size (1.71 mm). All degradation o f  
rice hull m ixtures is contributed to the degradation o f  crawfish residuals. Rice hulls 
have a silicon skeleton which contribute to their recalcitrance to microbial degradation 
(Lalche and Nash, 1983).
Volum e o f com posted materials is reduced significantly during com posting.
The greatest overall volume reduction (52.8% ) occurred in the bagasse mixtures while 
the least reduction (16.5%) occurred in the rice hull mixtures. Bark and wood chip 
m ixtures volum e reductions were 43.8%  and 22.6%, respectively. The lower volum e 
reduction o f  the rice hull and wood chip mixtures is due to the low degradability o f  the 
silicon and lignin contained in these m aterials. This could be considered an advantage 
in some situations where these materials could be reused as bulking agents in 
additional com posting operations thus reducing the quantity o f  bulking agent required.
3.4 Conclusions
All bulking agents evaluated in this study w orked well when co-com posted 
with craw fish residuals. Co-composting craw fish residuals with bagasse resulted in
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Table 3.3. M ean particle size (mm) o f raw bulking agents and mixtures and mean 
particle size reductions after 50 daysA.
W ood Chips Rice Hulls Bagasse Bark 
M ean Particle Size, mm
Bulking Agent 5.3 1.7 5.1 8.5
Initial Mixture 6 . 2 4.2 6.7 9.9
Mixture at 50 d 4.7 1.7 2.4 5.3
Reduction of mixture at 50 d
from bulking agent. % 11.4 1 .2 53.7 37.1
from initial mixture, % 24.2 60.0 64.7 45.7
A Crawfish residuals size ranged between 2 and 75 mm.
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the greatest reductions in volatile solids (27.6% ) and organic C (55.3%), as well as in 
total volume shrinkage (52.8%) and mean particle size reductions (64.7%). The 
com post derived from the bagasse mixtures contained the highest nutrient content 
(18.4 g N/kg and 160 mg NH.j-N/kg). Rice hull mixtures resulted in the least total 
volum e and mean particle size reductions, nevertheless, these mixtures m aintained 
high NO 3 concentration and lost notable am ounts o f volatile solids. Bark mixtures 
were satisfactory in terms o f volatile solids losses (21.3%) and final N content (10 g 
N/kg). W ood chip mixtures did not perform  as well as the other bulking agents tested, 
nevertheless, crawfish residuals were com pletely decom posed during the 50-d study 
period.
If the goal o f  the process is to produce high quality com post, co-com posting 
with bagasse appears preferable. However, if the goal is to dispose o f  large volum es 
o f crawfish residuals, the use of rice hulls or wood chips as a bulking agent offers an 
advantage in that larger volume of craw fish residuals can be treated per volume o f 
bulking agent. Reuse o f the com posted materials for additional com posting o f 
crawfish residuals could be cost effective. Using wood chips, rice hulls, bagasse, 
bark, or other suitable bulking agent for disposal o f  seafood processing residuals by 
com posting appears to offer a practical solution. Biodegradability and nutrient 
retention using such by-products merit further study to optimize the com post process 
and to consistently produce high quality finished compost.
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C H A PTE R  4
LEACHATE AND RU N O FF CH A RA CTERIZA TIO N  DURING 
CRA W FISH  PROCESSING R ESID U A L AND RICE HULL COM POSTING
4 . 1  Introduction
M anagem ent o f  leachate and rainfall runo ff poses a challenging problem for 
com posting operations, especially those com posting fisheries by-products. Fisheries 
by-products tend to be putrescent, rich in nutrients, and have a high water content. 
M oisture contents in the range o f 60-80%  are very com mon (Brinton and Seekins,
1988). If  not properly managed, leachate from  fisheries by-products com post creates 
foul odors, attract flies, or otherwise be aesthetically unacceptable (Frederick et al.,
1989).
W indrow  com posting is a w idely accepted practice for aerobic decom position 
o f  m any types o f organic wastes. H owever, substantial am ounts o f nutrients may be 
lost in leachate and runoff from com posting operations and threaten surface and 
groundw ater quality (Ballestero and D ouglas, 1996; Kovacic et al., 1992). 
C haracterization o f  leachate from com post operations is required by many perm itting 
agencies and is necessary in determ ining site design param eters to minimize odors and 
o ther problem s (Andree, 1991). Problem s caused by leachate can trigger fines or 
closures by perm itting agencies.
Effective managem ent strategies for reducing leachate composting o f 
fisheries by-products are not well established. Comm only, bulking agents with 
m oderate to high m oisture absorbency such as peat and sawdust are mixed with 
fisheries by-products to reduce leachate generation during com posting (Brinton
52
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and Seekins, 1988). By reducing the am ount o f  leachate and runoff, losses o f  
inorganic nutrients and organic com pounds can also be reduced (Ulen, 1993). Rice 
hulls are highly effective as a bulking agent for composting crawfish processing 
residuals (Chapter 3). Rice hulls are light weight, easily turned and because o f  their 
recalcitrance to microbial decom position, m ay be reused to dispose o f several loads o f 
craw fish residuals. During their initial use, however, rice hulls resist w etting and are 
therefore more prone to produce leachate than other bulking agents.
Traditional leachate and runoff m anagem ent techniques include storage and/or 
land application or discharge into a public sew er system. Recycling leachate by 
applying it to active com post piles for m oisture control is an attractive, low -cost 
alternative (Spencer, 1991). This technique not only reduces the reliance on rainfall or 
the need for supplemental w ater sources, but also may mitigate environm ental impacts 
by reducing the quantity o f leachate as well as its nutrient content and biological 
oxygen dem and. The principal objective o f this study was to compare the quality  and 
characteristics o f leachate/runoff generated by uncovered windrows com prised o f  
craw fish residuals and rice hulls when ( 1 ) w atered with leachate; (2 ) watered with tap 
w ater; o r (3) unwatered except for rainfall.
4 .2  M aterials and Methods
Windrow Design
Pilot-scale windrows (3 m long x 1.5 m wide x 1.5 m height) were constructed 
on  im perm eable polyethylene liners placed on a 5:1 slope that channeled leachate and 
runo ff into a 300 L collector (Figure 4.1). Three windrows were constructed: (1)









Figure 4 .1 . W indrow and leachate/runoff collector.
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w atered with leachate/runoff (L); (2) watered with tap water (W); and (3) unwatered 
except for rainfall (R).
The feedstock for each windrow consisted o f 150 kg (wet weight) o f  crawfish 
residuals and 150 kg (wet weight) o f rice hulls. The moisture content, bulk density, 
organic carbon (C) and total nitrogen (N) concentrations of these m aterials were 
determ ined prior to use (Table 4.1). Sim ilar volume o f  the stored leachate/runoff or 
tap w ater was applied by sprinkler to the corresponding windrow as required to 
m aintain adequate moisture content. Tap w ater and leachate/runoff w ere added on 
days: 2, 5, 8 , 12, 19 and 30 to meet m oisture microbial demand and drying criteria.
The w indrow s were turned manually 19 days and 30 days after construction to 
hom ogenize the materials. Passive aeration was provided by three perforated PVC 
pipes (10 cm  diameter) positioned laterally across each windrow. Oxygen 
concentration measurements showed that passive aeration was adequate to maintain 
aerobic conditions throughout the com posting period.
L eachate /R unoff an d  C om post S am pling  P ro ced u re  
Leachate/runoff from the windrows were collected daily after each rainfall or 
w atering event (Figure 4.2). Similar leachate/m  no ff volume was collected from  each 
windrow. Triplicate leachate/runoff sam ples (-5 0 0  ml) were analyzed for pH, 
chem ical oxygen demand (COD), nitrate (NO 3), ammonium (NH4), and prim ary 
elem ents (M g, Mn, Na, K, P, and S). Volume rem ained after sampling from  the L 
collector was stored in a 900-L reservoir and used later for watering. Volum e 
rem ained from  the W  and R collectors was discarded after sampling. Three com post 
sam ples ( -5 0  g each) were collected twice weekly from each w indrow  middle
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
Table 4.1. Characteristics o f rice hulls and craw fish residuals.
Material Moisture Content* Bulk Density* Organic C Total N C:N
% (kq/m 3) (q/kq solids)
Rice Hulls 9.5 104.4 372.0 4.8 76.9
Crawfish 66.2 466.4 317.3 50.3 6.3
* Moist basis
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Figure 4.2. Volume o f leachate/runoff collected after rainfall o r watering events.
Sim ilar volum es were collected from all windrows after all events.
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section at three locations along the w indrow length. Compost samples were 
analyzed for moisture content, volatile solids, organic C, total N, NO 3, NH4 and 
prim ary elements. Data reported for leachate/runoff and com post samples are the 
means o f  three samples.
M easurem en ts a n d  A nalytical M ethods 
Com post tem perature was m easured with copper-constantan thermocouples at 
four equally-spaced locations along the w indrow length and connected to a datalogger 
(model CR7, Cam pell Scientific, Logan, UT). Percent oxygen in the com post airspace 
was measured three times weekly using a model OT-21 oxygen m eter and probe 
(Demista Instruments, W heeling, IL).
Compost moisture content was determined twice weekly by the gravimetric 
method (APHA et al., 1992). After drying, samples were ground to 150-mesh size, 
thoroughly mixed and stored in air-tight containers for further analysis.
A pproximately 5 g subsamples were com busted at 550 °C to determ ine volatile solids 
content. About 20 mg subsamples were used for organic C and total N determination 
using a Heraeus model C H N -0  Rapid Analyzer. NO3 and NH4 concentrations in 
compost and leachate/runoff were determ ined using a W escan model 360 Analyzer 
(Wescan Instrument Inc., Deerfield, IL). Leachate/runoff pH was measured in-situ 
with a Digi-Sense 5939-10 digital pH m eter (Cole-Parm er Instrum ent Co., Niles, IL). 
Leachate/runoff COD was determined by the titrimetric method (APHA et al., 1992) 
using accu-TEST™  vials (Bioscience, Inc., Bethlehem, PA). Approximately 500 mg 
o f ground compost were digested with 16 N nitric acid for elem ental analysis.
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Elemental analysis o f com post extract and leachate/runoff were determ ined by the 
Inductively Coupled Plasma (ICP) method (APHA et al., 1992).
4.3 Results and Discussion
Compost Characteristics
M oisture content rem ained in the desirable range (35-60% ) during most o f  the 
composting process for the L and W  windrows but not for the R windrow (Figure 4.3). 
Although the L and W  windrows were frequently w atered during the first two weeks, 
the maximum m oisture content achieved during that period was only 42%. After 
turning on D ay 17, m oisture content consistently rem ained between 40-60% . 
Degradation o f  craw fish residuals apparently facilitated m oisture retention by rice 
hulls. Although the moisture content for the R windrow was relatively low, this 
windrow m aintained sim ilar temperature profile to the others during most o f the 50-d 
composting study (Figure 4.4). This is probably due to a greater heat capacity o f  the 
relatively drier R windrow. By the third day, all w indrow s had reached their highest 
temperature o f 60°C. Shortly thereafter, temperature dropped to about 45°C. 
Tem perature then declined gradually to near ambient (30°C) at about Day 40. This 
suggests that the self-heating phenom ena had ceased and the available substrate had 
reduced.
During com posting, the volatile solids content tends to decrease due to 
microbial degradation o f organic m atter and production o f  carbon dioxide. For the R 
and W  windrows, the volatile solids content decreased gradually  through the entire 
study period, as shown in Figure 4.5. The addition o f  leachate/runoff on Day 30 led to 
an increase in volatile solids in the L windrow reaching a mean final value o f 66.0%,
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Figure 4.3. M oisture content o f com post during the 50-d study period. Arrows
represent the times when the leachate/runoff o r tap water were added to 
m oisten the L and W  windrows. L = w atered with leachate; W  = watered 
with tap water; R = unwatered except for rainfall.
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Figure 4.4. M ean com post and ambient air temperatures. Arrows represent the
times when the windrows were turned. L = watered with leachate; W  = 
watered with tap water; R = unwatered except for rainfall.
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Figure 4.5. Change o f volatile solids content o f com post during the 50-d study period. 
Arrows represent the times when the leachate/runoff or tap w ater w ere 
added to moisten the L and W  windrows. Error bars are the standard 
deviations. L = watered with leachate; W  = watered with tap water; R = 
unwatered except for rainfall.
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after 50 d o f  com posting. This value was significantly higher than either the R 
(61.4% ) or W  (59.3% ) windrow (P=0.01, a= 0.05). Because the leachate/runoff 
contains unstable organic matter, it is recom m ended that its reuse for moisture control 
be adopted only during the early period o f high decom position for batch com posting.
In this manner, the leachate/runoff can be m etabolized by the com posting organism s. 
The leachate/runoff may not contain enough energy substrate for m icrobial 
com m unities to heat up the w indrow once the main substrate (i.e. crawfish residual) is 
consum ed during the late stage o f  the com posting process.
Organic C content o f the com posted material was reduced from  an average 
initial value o f  about 394 g/kg to a final value o f  about 351, 348, and 362 g/kg for L,
W, and R, respectively (Table 4.2). The R w indrow had the smallest final C 
concentration sim ply because craw fish residuals were not com pletely degraded. Final 
C concentration for L was slightly h igher than that o f  W  since L received organic C 
contained in the leachate/runoff added to the w indrow  on day 30.
Total N was reduced from an initial value o f  15.8 g N/kg to 9.2, 8.9, and 11.2 g 
N /kg for L, W and R windrows, respectively. Final total N was the highest for the R 
w indrow since craw fish residuals w ere not com pletely degraded. For the same reason, 
the R windrow had very high final NH4 concentration (330.4 mg NH4-N /kg) and low 
final NO3 concentration (47.4 mg NCb-N/kg) com pared to the L or W  windrow s at the 
end o f  the 50-d com posting period. No significance difference was observed in the 
final total N, NH4 and NO3 concentrations between L and W  windrows (Table 4.2). It 
appears that the addition o f leachate/runoff to a com posting mixture o f rice hulls and
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Table 4.2. Carbon, nitrogen, ammonium and nitrate concentrations, and C:N ratios in 






Organic C g/kg solids 394.2 351.1 348.4 362.5 1.5
Total N g/kg solids 15.8 9.2 8.9 1 1 . 2 0.4
C:N - 24.9 38.2 39.1 32.4 11
NH,-N mg/kg solids 280.6 43.4 48.4 330.4 54
NO,-N mg/kg solids 34.2 156.7 156.8 47.4 23
A L = Watered with leachate; W = Watered with tap water, R = Unwatered except for rainfall;
Values are means o f  triplicate samples 
* Least significance difference
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crawfish residuals does not result in an increase in final com post total N, NH4 , or NO3 
concentrations in com parison to the addition o f  tap water.
D uring com posting, organic m aterials undergo mineralization and 
transform ation into a more stable product by the action o f  microorganisms. Organic 
as w ell as inorganic com pounds are consum ed by microorganisms. Inorganics are 
usually considered a m inor source of nutrients for microorganisms. During organic 
m aterial degradation, inorganics are released from  their complex form and could be 
subject to losses (Rym shaw et al., 1992). Because o f the reduction in the mass o f 
organic com pounds during composting, elem ent concentration per dry w eight may 
increase o r remain the same if no actual losses by leachate and runoff occur. In this 
experim ent, com post Mg, Mn, Na, Ca, K, P and S concentrations on dry weight basis 
did not significantly change for either L, W, o r R windrow from their initial 
concentrations (Table 4.3). This is probably due to the organic mass loss by leaching 
and mineralization, which was accompanied by the loss o f  elements by leaching. By 
expressing the elem ent concentration on an ash weight basis (free o f  organic matter), 
all final elem ents concentrations were slightly higher for the L windrow than either the 
W  or R w indrow (Table 4.4). This trend was not strongly significant at a= 0 .05 . 
Therefore, the addition o f leachate/runoff to an active com post pile does not strongly 
suggest an increase in the nutrient concentration o f  the com post product. However, 
this practice can m itigate the impact o f com posting operations from excessive 
nutrients, m inerals, organics, and heavy metals loading into surface and ground 
waters.
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Table 4.3. Initial and final concentrations o f principal nutrients in m g/kg solids 






Mg 785 946 945 972 2 2 1
Mn 241 254 283 237 38
Na 1.292 1,444 1,448 1,476 329
Ca 32,148 42,130 44,279 47,406 4,619
K 2,981 3,053 2,709 2,945 189
P 2,187 2,431 2,501 2,662 802
S 1,484 1,352 1,348 1,442 287
A L = Watered with leachate; W = Watered with tap water; R = Unwatered except fo r rainfall; 
Values are means o f triplicate samples 
* Least significance difference
Table 4.4. Initial and final concentrations o f principal nutrients in m g/kg ash 






Mg 23.6 28.4 23.3 25.1 7.6
Mn 7.2 7.6 7.0 6 .1 1.3
Na 38.8 43.3 35.7 38.1 11
Ca 963 1,270 1,088 1.219 527
K 89.7 91.7 66.9 76.3 2 0
P 65.6 73.2 61.5 6 8 . 6 24
S 44.6 40.6 33.2 37.2 1 0
A L = Watered with leachate: W = Watered with lap water; R = Unwatered except for rainfall;
Values are means of triplicate samples 
* Least significance difference
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Leachate/runoff Characteristics
For all windrows, leachate/runoff had a rapid pH increase from  near neutral 
pH  (6 .8 ) on the first day to alkaline pH (9.2) on day 5 (Figure 4.6). This initial 
rapid pH increase is probably due to am m onification and its role as a proton sink 
(M iller, 1992). The pH then fluctuated between 8  and 9 for the next 10 days. For 
the rest o f the period, pH varied between 7 and 8 , however, the R w indrow  
m aintained higher pH probably due to its continuous generation o f NH3. At the 
end o f  50-d composting period, pH was about 7.2 for L and W  w indrow s, and 7.5 
for R windrow.
In general, the am ount o f  rainfall or water added to a w indrow will have a 
direct effect on the amount o f  nutrient losses. Nutrient losses are attributed also to 
the nutrient concentration in the com post mixture and its availability to leaching.
D aily nutrient concentration in leachate/runoff and daily leachate/runoff volume, 
follow ing a rainfall or watering event, were used to determine nutrient losses from 
the windrow.
Ammonium losses in leachate/runoff were elevated, especially during the 
first 25 days where degradation and m ineralization rates are at m axim um  (Figure 
4.7). Ammonium loss totaled about 22 g NH<-N/kg N (347 mg N R i-N /kg solids) 
o f  the original mixture from the W  w indrow over the 50-d period. D uring the 
highly active period, the readily available substrate and the favorably com posting 
conditions initiated NH4 generation resulting from  the rapid am m onification o f  
organic nitrogenous compounds. A m m onium  losses were reduced from  4.4 g 
NH 4-N /kg N on day 15 to 1.3 and 0.1 g NH4-N /kg N  on days 26 and 42,
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Figure 4.6. Leachate/runoff pH from the L, W, and R w indrow s during the 50-d study 
period. L = watered with leachate; W = watered with tap water; R = 
unwatered except for rainfall.
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Figure 4.7. A m m onium  losses in leachate/runoff from the w indrow watered by tap 
w ater expressed in g per kg total N o f the initial com post dry mass.
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respectively, where leachate/runoff volum es collected on these three days were 
com parable (around 80 L). For the W  windrow, am m onium  concentration peaked 
at 190.6 mg NH 4-N /L on day 14 when leachate/runoff volum e was 18.9 L, and it 
reached a m inim um  value (0.43 mg NH4 -N/L) on day 50 although leachate/runoff 
volum e was only 0.2 L (Table 4.5). A typical NH4 concentration range in 
m unicipal effluent is between 12 and 50 mg/L (Rym shaw et al., 1992).
N itrate losses were fairly distributed for the W  w indrow  over the 50-d 
period (Figure 4.8). Nitrate is highly soluble and is easily leached by water from 
the com post windrow. Nitrate total losses am ounted to 2.23 g N 0 3 -N/kg N (35.8 
m g N 0 3 -N /kg solids) for the W windrow. Nitrate losses were lower than 
am m onium  losses presum ably due to the lower rate o f nitrification compared to 
the rate o f  am m onification. Nitrate losses in leachate/runoff peaked at day 24, 
resulting from  the 143.8 L leachate/runoff volume collected from rainfall and 
am ounted to 0.46 g NC>3-N /kg N. Nitrate maximum concentrations o f 38.8 and
23.5 mg N O 3-N /L for the W  and R windrows, respectively, were reached on day 
36, when volum e collected was 11.3 L (Table 4.5). Ballestero and Douglas (1996) 
determ ined that horse-bedding compost lost 230 g total N /kg o f  com post initially 
present over a 60-d study period, which is much higher than the total amount o f 
NH4 and NO 3 lost in this experiment. Ulen (1993) found that an average o f  48.8 g 
total N /kg N  initially present were leached over a seven-m onth w inter experiment 
from  straw  and manure compost.
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Table 4.5. Leachate/runoff minimum and m axim um  concentrations in m g/L o f  
selected properties for the W  and R w indrow s*
Property W R
Minimum Day Maximum Day Minimum Day Maximum Day
COD 307 48 4,587 19 441 50 3.980 7
NH, 0.43 50 190.6 14 5.68 50 183.5 14
NOj <0.05 7 38.8 36 <0.05 10 23.5 36
Mg 1.84 10 69.8 36 1.72 10 22.5 36
Mn 0.05 50 3.11 19 0.32 50 2.29 36
Na 22.3 3 535.8 36 8.90 3 207.0 36
Ca 4.45 10 399.8 36 3.83 10 59.5 36
K 33.6 7 1.027 36 64.5 10 434.1 36
P 2.30 50 46.6 19 8.50 50 46.2 36
S 11.0 48 146.5 36 9.60 48 62.4 36
A W  = W atered w ith  tap w ater: R  = Unwatered except fo r rainfall: C oncentrations a re  in mg/L
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Figure 4.8. Nitrate losses in leachate/runoff from  the windrow watered by tap w ater 
expressed in g per kg total N o f  the initial com post dry mass.


























Phosphorous is the limiting nutrient causing eutrification in surface w ater 
from land runoff, therefore it is important to docum ent phosphorous losses from  
com posting operations. Phosphorus losses from the W  windrow were peaked on 
day 24 and they am ounted to 14.1 mg P/mg solids (Figure 4.9). M ost o f  the 
soluble-P was leached during the first 25 days. Phosphorus losses were reduced 
from 8.5 mg P/mg solids on day 15 to 4.8 and 2.3 g mg P/mg solids on days 26 
and 42, respectively, where volumes collected on these three days were 
com parable (around 80 L). Over the 50-d period, total soluble-P losses were 59.5 
mg P/kg solids. M axim um P concentration o f  46.6 mg P/L was reached on day  19 
for the W  windrow, where total volume collected was 3.8 L. Typical phosphate 
concentration range in m unicipal effluent is between 6-20 mg/L (Rym shaw et al., 
1992). Ulen (1993) observed a mean loss o f  24 g P/kg P in winter com post 
leachate and a typical total-P concentration o f 50 mg/L in runoff from  straw and 
manure compost.
Organic C is mainly released during the early stages o f com posting processes 
when the organic substrate is highly subject to degradation by m icroorganisms. 
Chemical oxygen dem and (COD) in leachate/runoff was m easured to estimate organic 
C losses. In this experim ent, COD loading was m ainly during the first 25 d for the W 
windrow (Figure 4.10). The COD losses were reduced from 1.6 to 1.3 g CO D/kg C 
from day 24 to day 48, in which the volume collected was doubled on the latter day. 
This shows that COD concentration was reduced over a half from  day 24 to day  48. 
M aximum COD concentrations o f 4,587 and 3,980 mg/L were reached on day 19 and 
day 7, for the W and R windrows, respectively (Table 4.5). Total COD loading over

















0 10 20 30 40 50
Days
Figure 4.9. Phosphorus losses in leachate/runoff from  the w indrow  w atered by tap 
w ater expressed in g per kg o f the initial com post dry mass.
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Figure 4.10. Organic carbon losses in leachate/runoff from the w indrow  watered by 
tap water expressed as chemical oxygen dem and (COD) in g per kg C o f 
the initial com post dry mass.






the 50-d period was 11.2 g COD/kg C (4.4 g COD/kg solids) from the W  windrow.
The COD concentrations observed here are com parable to COD values from 
runoff o f  an open dairy lot, which range from  2,300 to 5,000 mg/L (Sweeten and 
W olfe, 1990).
4 .4  Conclusions
During composting crawfish residuals and rice hulls, excessive am ounts o f  
nutrient w ere released through leaching and runoff. M ovement o f these nutrients 
could have a detrimental effect on surface and ground waters quality if not properly 
managed. Organic C and NH4 are mainly leached in the early phase o f the com posting 
process during high decomposition rate o f organic substrate. The release o f  nitrate 
and other elem ents in leachate and runoff results from the mineralization process o f 
organic com pounds. Attenuation o f  nutrient losses in leachate and runoff occurs 
tow ard the end o f the composting process.
The use o f  leachate/runoff on active com post may reduce the amount o f  
nutrient losses in comparison to the addition o f  tap water. This treatment option 
would save fresh water need for com post piles or relying on rainfall while reducing 
the leachate and runoff amounts that may undergo conventional treatment methods.
The addition o f leachate/runoff needs to be adopted only during the high m icrobial 
activity period to allow for the assim ilation o f its organic content.
Com post nutrient retention from the application o f leachate/runoff to active 
com post consisting o f different feedstock merits further investigation. Further 
research is needed to characterize the leachate and runoff in various com posting
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environm ents and weather conditions. Characterizing the leachate and runoff can 
provide valuable information for better design of com post facilities.
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CHAPTER 5
BIODEGREDA BILITY , N UTRIENT ANALYSIS, AND M ICROBIA L A CTIVITY
DURING REPETITIVE ADDITION O F CRAW FISH RESIDUALS TO 
RICE HULL-CRAW FIS H CO M POST
5.1 Introduction
Processing by-products from  Fish and seafood-related industries are highly 
organic and are typically rich in nitrogen (N) and readily-degradable organic carbon 
(C) com pounds. These materials begin to decom pose very soon after processing. 
Consequently, they becom e highly putrescent and could potentially create 
environm ental problem s if not handled and disposed o f  properly. By contrast, certain 
agro-industrial by-products are rich in less-readily-degradable C com pounds, 
particularly lignocellulose (Shuler, 1980). Examples are rice hulls, bagasse, bark, and 
yard wastes. The high lignin content o f these and other materials causes them  to 
degrade slowly under norm al conditions (Crawford, 1976).
Fish processing by-products are generally high in N and low in C thus 
providing a low C:N ratio (Table 5.1). These materials may cause odor problems 
during com posting through the production o f am m onia and other nitrogenous and 
organic com pounds. Properly co-composting fish by-products with agro-industrial by­
products, would transform  these by-products into valuable resources.
Once the readily-available C and available N are consumed during com posting, 
the decom position rate will slow (Garcia, 1991; Regan and Jeris, 1970). In earlier 
experim ents with crawfish processing residuals and rice hulls (chapter 3), results 
dem onstrated that most, if not all, composting was attributed to the degradation o f the
79
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Table 5 .1 . Examples o f  nitrogen and carbon conten t o f selected fishery and 
agro-industrial processing residuals.
Material N (a/ka) C (a/ka) C:N
Crawfish 50.3 317 6.3
Fish 48.8 177 3.6
ShrimpA 95.1 323 3.4
Crab & lobsterA 61.2 299 4.9
Wood chips 2.29 476 208
Rice hulls 4.84 372 77
B agasse 9.28 436 47
Hardwood Bark 10.7 443 41
A Rynk, 1992.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
81
experim ents with craw fish processing residuals and rice hulls (chapter 3), results 
dem onstrated that most, if  not all, com posting was attributed to the degradation o f the 
craw fish residuals since rice hulls contain m ore than 60 % lignocellulose and 2 0  % 
silica on a  dry weight basis (M izuki et al., 1993). They also contain low 
concentrations o f  macronutrients (N, P, and K) and m icronutrients. These properties 
make rice hulls less susceptible to attack by m icrobes and consequently degrade very 
slowly. H aving a high C :N  ratio, rice hulls m ust be com bined with materials high in 
N  to increase the rate o f  degradation. The slow  degradation rate o f  rice hulls allows 
them  to be reused as bulking material by sim ply adding raw crawfish residuals to the 
previously com posted rice hull-crawfish residual com post. A cost saving in bulk 
materials is thus realized by reusing the rice hulls.
W hen designing any com post process, know ledge of com post feedstock 
degradability is essential (Haug, 1993). In this study, dry mass and organic m atter 
losses during com posting were estim ated in order to assess the degradability o f 
different rice hull/crawfish residual com post mixtures. Nitrogen losses and final 
com post characteristics were also analyzed in order to asses the nutrient value (N, P, 
K) o f  the com pleted com post mixture.
Specific O2 uptake rate (SOUR) and CO 2 production are considered key 
indicators o f  m icrobial activity. As organic carbon is degraded, O2 is consum ed and 
CO 2 is produced. W hen the organic substrate becom es limited, O2 consum ption and 
CO 2 production are reduced. Com post is stable once organic matter resists further 
degradation. The method o f determ ining the rate o f  CO2 production is often used to 
indicate com post stability o r “end point” (Feldm an, 1995). Usually, when the CO 2
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production rate reaches steady state below 5 mg CCh-C/g C/day, the compost process 
is considered stable (Feldman, 1995). In this study, O 2 consum ption and CO2 
production rates w ere estimated and com pared for d ifferent rice hull/crawfish residual 
com post m ixtures.
The objectives o f  this chapter were to characterize and com pare the 
degradation rates, m icrobial activity, and nutrient values o f rice hull/crawfish residual 
com post m ixtures and to examine the efficacy o f  adding raw  crawfish residuals to 
partially  com posted rice hulls. M ore specifically, the objectives were to 1) determ ine 
dry  m ass and organic m atter losses, 2) measure nitrogen loss, 3) quantify O2 
consum ption and CO 2 production, during com posting, and 4) estimate nutrient values 
o f  the final com post.
5.2 M aterials and M ethods
Experimental Design
Craw fish residuals were com posted with rice hulls in 3-L beakers containing 
about 600 g o f  m ixed material. Crawfish residuals w ere ground (5 mm) before mixing 
with rice hulls. Three replicates o f four different m ixing ratios o f crawfish residuals 
and rice hulls, w ere used to obtain initial C :N  ratios o f  14:1, 17:1, 25:1 and 42:1. The 
initial C: N  ratio is used as the treatment in a 3x4 factorial experim ental design. The 
12 reactors were placed in an environmental cham ber (Lab-L ine Instruments, M elrose 
Park, IL) having the capacity to control tem perature between 25 and 70 °C.
Three separate runs were performed. A new batch o f crawfish residuals was 
added to the finished product of the first run identified as phase I. This second
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
83
com post process was identified as phase II. As the degradation rate o f  phase II 
slowed, raw  crawfish residuals were again added to begin phase III.
Sam pling an d  M easu rem en t P ro ced u re  
Samples were taken once weekly from each reactor to determine moisture, 
volatile solids, organic-C,and total-N concentrations. Carbon dioxide production rate 
was continuously m onitored and SOUR was estim ated 2-3 times weekly. W ater was 
added when necessary to maintain optimum m oisture conditions in all reactors (40- 
65% wet basis). The com post was turned m anually 3-4 times weekly to homogenize 
the mixture. Com post percent oxygen concentrations were measured four times 
weekly to confirm  aerobic conditions.
M oisture content was determined gravim etricly at 60°C (APHA et al., 1992). 
After drying, sam ples were ground to 150-mesh size, thoroughly mixed and stored in 
air-tight containers for further analysis. A pproxim ately 3 g subsamples were 
com busted at 550 °C to determine volatile solids content. A bout 20 mg subsamples 
were used for organic C and total N determ ination using a  Heraeus model C H N -0 
Rapid Analyzer. Elemental analysis o f  com post extract was determined for the final 
product by the Inductively Coupled Plasma (ICP) m ethod (APHA et al., 1992).
Percent oxygen in the com post air space was m easured using a model OT-21 oxygen 
probe (Dem ista Instruments, Wheeling, IL).
A simplified version o f the procedure described by Iannotti et al. (1993) was 
used to measure oxygen consumption. Oxygen consum ption rate was measured by 
placing an active com post sample (~ 3 g) in a sealed 220-ml screw-top ja r filled 
com pletely with dionized water. The solution w as aerated for 10 seconds. The ja r
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was then placed in a  water bath maintained at about 45 °C to m easure dissolved 
oxygen (DO) using a stirring bar oxygen probe (YSI 5905) connected to a DO  meter 
(YSI 5100) (Y SI Incorporated, Yellow Springs, OH). Dissolved oxygen readings 
were recorded every minute for 1 0  minutes.
Carbon dioxide production was m easured by incubating about 15 g o f  active 
com post in sealed screw-jar (300 ml) in the control cham ber for about 64 hours at a 
time throughout each phase o f the experiment. A gas chrom atograph m odel M T-150G 
(Tractor, Austin, TX ) was used to measure the CO2 concentration in the ja r headspace.
D eterm ination  o f O rgan ic  M ass, D ry  M ass, an d  N Losses
(1) Organic M ass Degradation and Dry Mass Loss
D egradation o f  organic m atter is generally determ ined by a m ass balance ofthe 
input and output materials. The mass lost during the process represents the total 
degradation. Dry mass degradability was determ ined to com pare the degradability of 
rice hull-crawfish residual com post during the three different phases o f  the 
experim ent. M easuring total mass during the com posting process is not always 
practical and cost effective due to handling o f different feedstock and the large volume 
produced. However, measurement o f volatile solids concentration is feasible and a 
com mon practice, since aerobic biological activity decreases the volatile solids content 
by converting organic C to CO2 . Volatile solids concentration during com posting is 
then used to estim ate organic m atter degradation. According to the conservation o f 
ash, organic m atter degradation is expressed as (Haug, 1993):
K OM =^ ^ L 1Q o J % VS. - ^ ) 10(l,o o  (5 .D
VS; % VS, (1 0 0 -  VSf )
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where,
Kom = total organic m atter degradation, %
VSj and %VS; = initial volatile so lids content (g) and concentration (%)
VSf and %VSf = final volatile solids content (g) and concentration (%).
Total dry mass degradation (Kjm) is calculated as a function o f  Kom as follows: 
Kjm = I 0 0  =  ( V S , + A s h , ) - ( V S f +  A sh ,)  10() ( 5  2)
dnii dmj
where,
drrij = initial dry mass, g 
dmf = final dry mass, g 
Ash; = initial ash mass, g 
Ashf = final ash mass, g.






( 5 .3 )
_1±L_ 100 100
%vs(
Organic m atter or dry m ass degradation can be obtained at any time during the 
com posting period once the volatile solids concentration is know n. Also, dry mass 
can be back-calculated at any tim e during the com posting period by the relation:
d m ( t ) .  - ^ C ) l d (5 4)
100
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where,
dm (t) = dry  mass, g, at any tim e (t)
Kdm(t) = dry  mass degradation, %, at any time (t).
(2) N itrogen Losses
A N m ass balance is used to determine nutrient loss during and after the 
com posting process. For exam ple, knowing the total N concentration after a time t  o f 
com posting, total N  losses are found by:
mN(t) =  [CN(t)][dm; - dm(t)] (5 .5)
where,
mN(t) = total N  losses, mg
C n(0  = total N  concentration (mg N/g dry mass).
Determination of Specific Oxygen Uptake and CO2 Evolution Rates
(1) Specific O xygen Uptake Rate
Specific oxygen consum ption or uptake rate (SOUR) w as calculated from the 
change o f DO over time per g volatile solids [(mg 0 2 /g  VS)/hr] by the following:
SOU R = - ^ — =  — =  — (5. 6)  
dt VS dt m(% VS)
where,
dDO
 = slope o f  the fitted curve o f  the dissolved oxygen (mg/L) versus time (hour)
dt
V = w ater volum e, L 
VS =  volatile solids content, g 
m  = dry  mass o f  com post sample, g 
%VS = percentage o f VS in m, %.
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(2) CO2 Evolution Rate
The amount of CO2 evolved during the incubation period was computed:
rco2 = { M--(%C) (%C02 -  blank)! /  At (5.7)
V. 22.4 m J
where,
rco2 = CO2 evolution rate,
mg(CO, -  C) 'I
/day
gC
V = volume of jar, L
% CO2 = CO2 concentration in jar (%) trapped over time, At (day) 
blank = blank sample CO2 concentration, %
Me = molecular mass of C, g 
m = dry mass of compost sample in jar, g 
%C = carbon concentration in m, %
and where, 22.4 L/mole is the standard molar volume constant.
5.3 Results and Discussion
Temperature, Moisture Content, and Percent Oxygen 
By adjusting the temperature in the control chamber, temperature scheme in 
the reactors was simulated to the observed temperature profile of the batch mixture of 
rice hulls and crawfish residuals during an earlier experiment (Chapter 3, Figure 3.2). 
Temperature was maintained in the thermophilic range (45-60°C) during the first 10 
days and upper mesophilic range (35-45°C) during the following 10 days, and lower 
mesophilic range (25-35°C) thereafter (Appendix B: figures B.l, B.2, and B.3). 
Temperatures of different reactors at one time were within 8°C during most of the 
period for all three phases of the experiment.
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Percent oxygen in com post air space describes whether aerobic condition is 
pronounced. Oxygen concentration below 5% inhibits aerobic m icroorganism s while 
prom oting anaerobes. It is recom m ended that the oxygen concentration rem ains above 
5%  during decom position (Rynk, 1992). Oxygen concentrations w ere m aintained well 
above 5% for most o f the reactors except for four reactors during the first day  o f  phase 
I o f  the experim ent (Appendix B: figures B.4, B.5, and B.6 ). M anually m ixing and 
exposing to air the materials in the reactors provided aerobic conditions.
M oisture content was m aintained in the desirable range (45-60% ) for all 
reactors during the three phases o f  the com posting process (Appendix B: figures B.7, 
B .8 , and B.9). M oisture control is necessary to replenish water loss from  drying and 
to assure optimum moisture content for m icrobial activities.
C hanges in O rg an ic  M a tte r  (V olatile Solids) an d  T o ta l D ry  M ass
During all three phases o f  the experim ent, volatile solids content w as reduced 
with the advancem ent o f  the biochem ical reaction. Initial mixtures having a higher 
C :N  ratio tended to have higher volatile solids content as well. Initial volatile solids 
contents o f 68.4, 72.6, 76.2, and 80.9 %, were obtained from mixtures having initial 
C:N ratios o f  14, 17, 25, and 42, respectively. Raw rice hulls and craw fish residuals 
have volatile solids content o f 81.3 and 62.1 %, respectively. During phase I, volatile 
solids content decreased to values o f  63.0, 69 .3 ,73 .5 , and 79.3 % for the C N  14, CN 
17, CN  25, and CN 42 treatments, respectively, by the end of the 40-day period 
(Figure 5.1).
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Figure 5.1. Volatile solids concentration (%) and total dry mass (g) versus tim e (Days) 
for the four treatm ents during phase I. D ata are means o f triplicate samples.
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Phase II w as initiated by recycling the product o f  phase I with a batch of 
crawfish residuals. Craw fish residuals were added at different amounts to each o f the 
earlier treatm ents to obtain C:N ratios o f : 11, 13, 15, and 20 and initial volatile solids 
content o f  60.3, 64.1, 70.4, and 72.9 %, respectively. During phase II, volatile solids 
in the reactors were continuously decreasing to values o f  50.2, 55.5, 65.7 and 67.9 %, 
for CN 11, CN 13, C N  15, and CN 20 treatments, respectively, at the end o f the 40- 
day period (Figure 5.2).
Phase III w as initiated by recycling the product o f phase II with a new batch of 
crawfish residuals. Initial C:N ratios became as follow: 21, 20, 17, and 18 and initial 
volatile solids contents were 52.9, 55.2, 59.9, and 62.1 %, respectively. In this phase, 
although all four treatm ents had relatively sim ilar initial C:N ratios, their initial 
volatile solids contents were significantly different (P=2.6E-06, a=0.05) (Appendix A: 
Table A.5). Volatile solids in the reactors continuously decreased and they reached 
values o f 38.7, 4 0 .0 ,4 9 .5  and 51.2 %, for CN 21, CN 20, CN 17, and CN 18 
treatments, respectively, at the end of the experim ent (Figure 5.3).
Total dry m ass for phase I had a different trend than for phase II and III 
(figures 5.1, 5.2, and 5.3). In phase II and III, total dry mass experienced a sharp 
decline as com m only observed during the early stages o f  composting. This decline 
meant that substrate was readily available for microbial consumption. For phase I, 
acclimation o f  m icrobial population to the newly m ixed feedstock delayed this 
phenomena. Total d ry  m ass reached a steady state tow ard the end o f each phase 
implying that the exhaustion o f the substrate.

































Figure 5.2. Volatile solids concentration (%) and total dry  mass (g) versus time (Days) 
for the four treatments during phase II. D ata are means o f  triplicate 
samples.
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Figure 5 .3 .Volatile solids concentration (%) and total dry  mass (g) versus tim e (Days) 
for the four treatments during phase III. D ata are means o f  triplicate 
samples.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
93
The total dry mass loss and organic m atter degradation for each treatment 
during each phase are shown in Table 5.2. In general, treatm ents with the lowest 
percentage o f  volatile solids had the highest loss o f dry mass and organic matter. 
A lthough the percentage o f  craw fish residuals added was about the same at the 
beginning o f  phases I, II, and III, for treatm ent 1 (CN 14, CN 11, and CN 21) and for 
treatm ent 2 (CN 17, CN  13, and CN  20), the yield was higher for phase III than phase 
II or phase I (Table 5.2). A lso, for treatm ents 3 (CN 25, CN 15, and CN  17) and 4 
(CN 42, CN  20, and CN 18), the yield was higher during phase III than phase II, 
although a similar percentage o f  craw fish residuals was added. This implies that the 
degradability is not contributed to the crawfish residuals alone, but also to the recycled 
materials. So the addition o f  craw fish residuals has provided an ex tra  means for 
further degradation o f the recycled product. In his model, Haug (1993) has considered 
that recycle product does not contribute any biodegradable fraction o f  volatile solids 
by assum ing that the entire biodegradable fraction was consum ed during the earlier 
cycle o f  com posting. The results o f  this study seem to contradict his findings.
C hanges in T otal N 
Initial N concentration varied in each reactor according to the ratio o f  crawfish 
residuals added to the am ount o f  rice hulls or recycled com post. The initial N 
concentrations, for phase I w ere 28.7, 23.2, 16.4, and 10.1 m g/g (dry m ass basis) for 
CN 14, CN 17, CN 25, and CN 42 treatments. During phase I, nitrogen concentration 
in all reactors was continuously decreasing over the 40-day incubation period to final 
values o f 10.5, 10.1, 8.2, and 6.7 mg/g, respectively (Figure 5.4). W hen the product o f 
phase I was recycled with more crawfish residuals, N concentration becam e 28.0,
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Table 5.2. Final organic m atter degradation (Kom,%), dry mass loss (K«jm%), and 
percent distribution (dry mass basis) o f crawfish residuals, rice hulls or 
recycled com post in feedstock having initial volatile solids, Vsj (% ), for 
phases I, II, and III. Values are means o f  triplicate samples.
Treatment VS,(%)
Phase I
Rice Hulls (%) Crawfish Residuals (%) K o„(% )
CN 14 68.4 47 53 21.3 14.6
CN 17 72.6 57 43 14.8 10.8
CN 25 76.2 73 27 13.6 10.3
CN 42 80.9 84 16 9.6 7.8
Phase II
Treatment VS,(%) Recycled Compost (%) Crawfish Residuals (%) K0m(%) Kdm(%)
CN 11 60.3 50 50 33.4 20.2
CN 13 64.1 56 45 30.4 19.5
CN 15 70.4 57 43 19.5 13.7
CN 20 72.9 62 38 21.5 15.7
Phase III
Treatment VS,(%) Recycled Compost (%) Crawfish Residuals (%) Kom(°/°) K,jm(%)
CN 21 52.9 53 47 43.8 23.2
CN 20 55.2 59 41 46.0 25.4
CN 17 59.9 60 40 34.5 20.7
CN 18 62.1 63 37 35.9 22.3
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Figure 5.4. M ean total N concentration (mg/g) and content (g N) per reactor versus 
time for the four treatments during phase I.
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26 .9 ,23 .7 , and 19.5 mg/g corresponding to new C:N ratios o f 11, 13, 15, and 20, 
respectively. A lso, in phase II, N  concentration for all treatm ents dropped 
sim ultaneously to final values o f  12.0, 11.5, 10.1, and 8.5 g/kg for CN  11, CN 13, CN 
15, and CN 20 treatments, respectively (Figure 5.5). The treatm ents in phase III 
having initial N  concentrations o f  13.5, 14.0, 15.0, and 14.2 mg/g corresponded to 
initial C :N  ratios o f  21, 20, 17, and 18, respectively. No significant variation in N 
concentration (dry mass basis) w as observed for all treatm ents in phase III (Figure 
5.6). This is probably due to the balanced loss o f  N with that o f  the total organic 
matter.
N itrogen content in each reactor was continuously decreasing through out the 
com posting period (figures 5.4, 5.5, and 5.6 and tables 5.3, 5.4, and 5.5). Treatm ents 
with the highest N content observed the highest drop. This drop occured during the 
first 10 days due to high NH3 volatilization. A fter the second week, N content tended 
to level o ff  between 2 and 4 gN /reactor or a N concentration between 6  and 14 mg/g. 
N  losses during the phase III w ere minimum. Recycling a recalcitrant com post 
product such as rice hulls with a nitrogenous source such as crawfish residuals may 
lead to a conservation o f  N tow ard the latest recycling phase.
Characterization of Final Product
N utrient analysis o f com post sam ples at the end o f  the experim ent show ed that 
the treatm ents receiving the highest am ount o f  crawfish residuals have the highest 
final nutrient concentration (Table 5 .6). The concentration o f  Si did not vary 
significantly am ong treatments. T he repetitive addition o f  craw fish residuals increases 
the concentration o f  important nutrients like P, K, Mg, Mn, S, and Ca. These high
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Figure 5.5. M ean total N  concentration (mg/g) and content (g N) per reactor versus 
tim e for the four treatments during phase II.





















Figure 5.6. Mean total N concentration (mg/g) and content (g N) per reactor versus 
time for the four treatm ents during phase III.
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Table 5.3. A verage N  loss from  each treatment, for phase I, expressed as the 




g N Lost % N Lost of 
oer  Reactor Initial Amount
CN 17 
g N Lost % N Lost 
Der Reactor Initial Amount
CN 25 
g N Lost % N Lost 
oer Reactor Initial Amount
CN 42 
g N Lost % N Lost 
oer Reactor Initial Amount
0 0 0 0 0 0 0 0 0
7 4.35 43.1 3.60 47.0 2.22 46.0 1.56 36.7
14 5.00 49.6 4.35 56.8 2.62 54.2 1.14 39.1
26 6.49 64.3 4.68 61.2 2.66 55.1 1.15 39.5
39 6.96 68.9 4.95 64.7 2.91 60.2 1.18 40.5
Table 5.4. A verage N  loss from  each treatment, for phase II, expressed as the 
cum ulative mass loss and percentage loss from  initial amount.
CN 11 CN 13 CN 15 CN 20
Time g N Lost % N Lost of g N Lost % N Lost g N Lost % N Lost g N Lost % N Lost
(Days) oer Reactor Initial Amount Der Reactor Initial Amount oer Reactor Initial Amount oer Reactor Initial Amount
0 0 0 0 0 0 0 0 0
6 3.55 45.1 4.14 52.3 2.96 52.2 2.01 46.7
20 5.03 63.9 4.79 60.5 3.35 59.2 2.27 52.7
37 5.18 65.7 5.19 65.5 3.59 63.4 2.73 63.3
Table 5.5. A verage N  loss from  each treatment, for phase III, expressed as the 




g N Lost % N Lost of 
oer Reactor Initial Amount
CN 20 
g N Lost % N Lost 
Der Reactor Initial Amount
CN 17 
g N Lost % N Lost 
Der Reactor Initial Amount
CN 18 
g N Lost % N Lost 
per Reactor Initial Amount
0 0 0 0 0 0 0 0 0
15 0.38 9.9 0.82 19.8 0.71 19.8 0.66 21.2
26 0.74 19.4 0.82 19.8 0.80 22.3 0.74 23.7
45 0.85 22.4 1.05 25.4 1.14 31.8 0.80 25.7
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Table 5.6. Selected properties o f  final com post product for all treatments (mg/g).
Treatment K P Na Mg Mn Ca S Si
CN 21 6.3 10.2 5.5 2.4 0.34 150.6 3.6 0.068
CN 20 5.9 9.4 5.0 2.3 0.33 138.9 3.4 0.075
CN 17 5.6 8.0 4.5 2.0 0.32 118.4 3.0 0.064
CN 18 5.3 7.5 4.1 1.9 0.30 111.0 2.9 0.065
LSDo.os* 0.3 0.4 0.2 0.1 0.01 6.1 0.1 0.02
* Least significance difference
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concentrations provide plant nutrients and improve soil quality. A lthough high 
concentration o f Na may cause dam age to crop, the concentration o f  Na in crawfish 
com post remains lower than poultry litter com post (Lu et al., 1997). It w as noted 
earlier that multiple addition o f  craw fish residuals reduces the VS concentration (Le. 
increases ash concentration). Since Ca is a major constituent o f  ash, the increase of 
ash concentration lead to an increase in Ca concentration as well. This is why Ca 
concentration ranged between 110-150 mg/g.
Specific O xygen U ptake R ate 
Specific oxygen uptake rate (SOUR) curves were obtained by direct 
m easurem ents o f com post samples at different time intervals throughout the process. 
A general trend was observed for all treatm ents in all phases o f  the experim ent 
(figures 5.7, 5.8, and 5.9). Oxygen consum ption was at its peak during the first or 
second day for all treatm ents o f all phases o f  the experiment. A sharp decline during 
phase I and phase II and a gradual decline during phase III was then followed, which 
im plies a slowing down in microbial activity. After the second week, SOUR values 
were below 1.5 (mg VS)/hr for all phases. During phase I, for most part o f  the 
experim ent, treatment 1 (CN 14) observed the highest oxygen consum ption. This 
im plies that more substrate was readily available from the mixture o f  treatm ent 1 (CN 
14) than to from the others. During phase II and phase III, there w as no significant 
difference in SOUR among treatm ents except for the first day. Therefore, higher 
m icrobial activity was relatively high during the early stage o f  com posting and tends 
to correspond to the amount o f craw fish residuals added.
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At the beginning of the compost process, fresh mixture generates ponderous 
CO2 emission due to high microbial respiration. As compost ages and available 
substrate is reduced, CO2 production decreases. During phase I, initial CO2 
production rates were between 5 and 11 (mg CO2-C/g C)/day (Figure 5.10). After the 
first two weeks, CN 25 and CN 42 treatments had a sharp drop. The other two 
treatments (CN 14 and CN 17) maintained relatively high production rates through the 
end of phase I. The continuos high CO2 production for CN 14 corresponded to high 
substrate availability. Phases II and III CO2 production rates were very similar among 
different treatments (figures 5.11 and 5.12). Unlike phase II and III, a variation in 
CO2 production among treatments was observed in phase I. This phenomenon is 
probably due to the acclimation of the microbial community resulting from the mixing 
of raw heterogeneous organic materials (rice hulls and crawfish residuals). For phase 
II and III, a high variation of CO2 production was observed among samples of the 
same treatment during the early period than the final period of composting. CO2 
production variation was comparable for all treatments, due to the establishment of 
similar microbial populations. Final CO2 evolution rates were less than 4 (mg CO2- 
C/g C)/day for all phases, implying a stable compost for all treatments.
5.4 Conclusions
Biodegradability analysis conducted in this experiment showed that rice hulls 
and crawfish residuals can be composted when initial C:N ratio is within 11-42; 
however, mixtures containing a higher percentage of crawfish residuals to rice hulls or
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recycled product, tend to degrade at a faster rate. The results also show ed that the 
initial C:N ratio is not a good indicator o f the subsequent com posting o f  lignocellulotic 
feedstock. In addition to N availability, the extent o f C degradability must also be 
taken into account. The addition of a nitrogenous feedstock, such as crawfish 
residuals, to recycled com post had a positive effect in improving the degradability of 
the recycled com post and increasing the N concentration of the final com post product. 
Rice hulls, having good structural property (i.e. high porosity, low bulking density), 
proved to be an excellent bulking agent for com posting crawfish residuals which 
provide readily available substrate for microorganims. Further research is needed to 
quantify the degradation o f lignocellulotic materials during repetitive com posting with 
nitrogenous feedstock.
Comm only used biodegradability test such as the volatile solids concentration 
does not discrim inate among readily, less readily, and not m etabolized materials 
during com posting. However, this test could be used as an overall indicator o f 
biodegradability. Tests such as SOUR and CO2 production rate are preferable for 
direct measurem ent o f com post activity as well as an indication o f the extent o f  the 
composting process.
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CHAPTER 6  
SUM M ARY  AND FURTHER RESEARCH
M any agricultural and food processing by-products constitutes a waste 
m anagem ent challenge for the state o f Louisiana as well as in many other part o f  the 
world. Integrating the m anagem ent o f  different by-products by co-com posting 
requires a scientific approach in understanding the processes and transformations 
involved.
Characterizing the com posting process helps evaluate the benefit o f different 
feedstock and mixture ratios. All bulking agents (bagasse, bark, rice hulls, and wood 
chips) used in this study perform ed well in co-com posting crawfish residuals. 
M ixtures with bagasse had the greatest loss o f volatile solids and had relatively the 
highest N concentration. Rice hull mixtures maintained good structure and lost a 
notable percentage o f their original volatile solids after the 50-day com posting period.
Some com posting operations may pose an environm ental threat resulting from 
leachate and runoff em anating from the composting site. Design o f  proper system to 
alleviate the potential problem  would necessitate an understanding o f the factors 
involved. Assessing the leachate and runoff can provide valuable inform ation for 
better design o f com post facilities. During com posting craw fish residuals and rice 
hulls excessive am ounts o f organics and inorganics were leached and ran o ff 
throughout the com posting period. Organic C and am m onia were released m ostly in 
the early stages o f  com posting. Release of nitrate and other nutrients resulted from 
m ineralization o f organic com pounds. Recycling o f  leachate and runoff into active 
com post proved to be efficient during the early stage o f  decom position. Recycled
i l l
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leachate and runoff would replenish moisture and elements losses during com posting. 
Further research is needed to characterize leachate and runoff and nutrient retention o f 
different feedstock.
The major piece o f information needed to practically evaluate the operation o f 
the com posting process is the biodegradability o f  the materials used. To optim ize the 
com posting process, it is essential to minim ize m aterials handling and increase 
product quality. This could be accom plished by reusing the com post product with 
putrescent or nitrogenous feedstock.
Crawfish residuals were successfully degraded when com posted with rice hulls 
at different mixing ratios. Mixtures having the highest crawfish residuals to rice hulls 
or to recycled com post had the highest degradability and microbial activity. The 
suitability o f  recycling compost product with additional crawfish residuals was 
confirm ed. Reuse o f recycled com post product induced higher degradation in the 
recycled product as well as fully degraded the crawfish residuals.
Additional work is needed to investigate the biodegradability o f different 
materials during aerobic decomposition. Various operating conditions and different 
feedstock mixtures could be evaluated to optim ize the biodegradability rate. Simple 
procedures and refined methods need to be developed to determine biodegradability 
for both design and operation o f compost facility.
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Table A .I. Sum m ary and ANOVA: Percent reduction o f  volatile solids over the 
first tw o weeks o f  com posting craw fish residuals with w ood chips,
rice hulls, bagasse, and bark.
Summary
Mixture Count Mean Variance
Wood Chips 3 0.439852 8.689801
Rice Hulls 3 17.36035 1.422231
Bagasse 3 2.477873 43.69262
Bark 3 13.96653 10.43681
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Mixtures 628.817 3 209.6057 13.05112 0.001895 4.06618
Within Mixtures 128.4829 8 16.06036
Total 757.2999 11
Table A.2. Sum m ary and ANOVA: Total percent reduction o f  volatile solids
over 50 days o f composting crawfish residuals w ith w ood chips,
rice hulls, bagasse, and bark.
Summary
Mixture Count Mean Variance
Wood Chips 3 12.07285 0.040077
Rice Hulls 3 22.65258 0.092836
Bagasse 3 27.58742 5.947991
Bark 3 21.33096 0.063729
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Mixtures 377.6906 3 125.8969 81.95566 2.40E-06 4.06618
Within Mixtures 12.28927 8 1.536158
Total 389.9799 11
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Table A.3. Sum m ary and ANOVA: Percent reduction o f organic C (ash basis) 
over 50 days o f com posting craw fish residuals with w ood chips, 
rice hulls, bagasse, and bark.
Summary
Mixture Count Mean Variance
Wood Chips 3 39.9846 0.183579
Rice Hulls 3 43.68648 0.214223
Bagasse 3 55.30851 1.725777
Bark 3 49.43589 2.387102
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Mixtures 405.351 3 135.117 119.8196 5.48E-07 4.06618
Within Mixtures 9.021363 8 1.12767
Total 414.3724 11
Table A.4. Sum m ary and ANOVA: Percent reduction o f total N (ash basis) over 
50 days o f com posting crawfish residuals with w ood chips, 
rice hulls, bagasse, and bark.
Summary
Mixture Count Mean Variance
Wood Chips 3 47.70704 608.6845
Rice Hulls 3 52.40102 32.45356
Bagasse 3 17.97153 271.7914
Bark 3 35.01298 788.0984
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Mixtures 2134.138 3 711.3795 1.672823 2.49E-01 4.06618
Within Mixtures 3402.056 8 425.257
Total 5536.194 11
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Table A.5. Sum m ary and ANOVA: Volatile solids content at the beginning of phase 
III for the four treatments.
Summary
Treatment Count Mean Variance
CN 21 3 52.9485 0.25031
CN 20 3 55.2084 1.14559
CN 17 3 59.9488 0.93044
CN 18 3 62.0882 0.32733
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Treatments 159.017 3 53.0057 79.8981 2.6E-06 4.06618
Within Treatments 5.30732 8 0.66342
Total 164.324 11
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Figure B .l .  Variation o f  all 12 com post reactors temperature during phase I.
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Figure B.2. Variation o f  all 12 com post reactors temperature during phase II.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
120
CN21-1 --C N 21-2 CN21-3
CN20-1 CN20-2 CN20-3
CN17-1 - -  CN17-2 CN17-3





0 10 20 30 40
Time (Days)
Figure B.3. Variation o f all 12 com post reactors temperature during phase III.
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Figure B.4. Variation o f  com post percent oxygen with tim e in all 12 reactors during 
phase I.
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Figure B.5. Variation o f  com post percent oxygen with time in all 1 2  reactors during 
phase II.
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Figure B .6 . Variation o f  com post percent oxygen with time in all 12 reactors during 
phase III.
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Figure B.7. V ariation o f compost m oisture content (wet mass basis) with time in all 12 
reactors during phase I.
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Figure B .8 . Variation o f  com post moisture content (w et mass basis) with tim e in all 12 
reactors during phase II.
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Figure B.9. Variation o f  com post moisture content (wet mass basis) with time in all 12 
reactors during phase III.
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